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ABSTRACT 
ALGAL COMMUNITY STRUCTURE IN WATER BODIES OF MISSISSIPPI:  
THE ROLE OF ENVIRONMENTAL FACTORS IN ITS SPATIAL AND  
TEMPORAL DYNAMICS 
by Nestor Raul Anzola 
August 2010 
 A meta-analysis was done on studies that included six major taxa groups: 
Cyanobacteria, Chlorophyta, Chrysophyta (primarily diatoms), Euglenophyta, 
Pyrrophyta, and Rhodophyta and six aquatic habitats of Mississippi to determine the 
abundance and richness of the algal community and to identify relevant environmental 
drivers of algal assemblage composition.  Twenty algae data sets on small order streams, 
large streams and rivers, lakes and reservoirs, fish production ponds, brackish water, and 
marine water were analyzed.  Chlorophyta was dominant in lakes and reservoirs and was 
the most diverse taxa in the phytoplankton of small order streams and large streams and 
rivers.  Cyanobacteria were the dominant taxa in fish production ponds, whereas diatoms 
were the dominant group in brackish and marine habitats.  Other taxa were minor 
components of the phytoplankton.  Nutrient input and temperature had the greatest 
influence on controlling phytoplankton abundance in production ponds.  Temperature, 
salinity, and turbidity were the most important factors controlling phytoplankton 
periodicity and distribution in estuarine and marine water.  Multivariate analyses were 
done by using canonical correspondence analysis to determine the environmental factors 
controlling the structure of the algal community in the various habitats.  Temperature, 
dissolved oxygen, pH, and alkalinity were the best predictors of algal community 
structure in small order streams whereas temperature, dissolved, oxygen, pH, and 
 iii 
conductivity were the key environmental factors affecting phytoplankton structure in 
lakes and reservoirs.  
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CHAPTER I 
INTRODUCTION 
Algae are ubiquitous organisms, occurring in marine and fresh water as well as 
terrestrial environments (Bold & Wynne 1985).  They occur in the soil, in extreme 
habitats such as hot springs, snow, the hair of rain forest sloths, and on rocks associated 
with a fungus as lichen (Dillard 1999).  Sizes go from unicellular forms to complex 
multicellular forms (Prescott 1984).     
Algae are the dominate primary producers in aquatic environments (Karlsson 
2002).  They are ancient organisms, having a fossil record for three and half billion years; 
extinct and extant organisms are morphologically similar (Bold & Wynne 1985).  Algae 
were the first organisms to carry on photosynthesis and evolve oxygen and are 
responsible for the oxygen in the atmosphere (Walker 2004).  The algae carry out the 
majority, up to 90%, of photosynthesis on earth and in so doing, provide the oxygen to 
allow aerobic respiration.  
A number of commercial products are made from algae including gels, 
emulsifying agents, building blocks, polishing agents, pigment and bio-fuels (Bold & 
Wynne 1985).  Algae are in certain instances harmful; some are toxic to fish and farm 
animals, whereas others are toxic to humans (Smayda 1997).  When algae get too 
numerous, they clog inlets and drains to water supplies (Palmer 1959).  Certain 
Cyanobacteria impart taste and odor to food products and water supplies (Tucker & Boyd 
1985).  The most common problem caused by dense algal growth is the use of the 
dissolved oxygen in the water.  Algae respire the dissolved oxygen at night and leave 
little for the aquatic animal life.  When dense blooms die suddenly, decaying algae 
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remove the oxygen from the water and the animal die (Brunson et al. 1994).  Very often  
studies are done to control nuisance algae in all type of aquatic systems (Tucker & Boyd 
1985).  Algae are regularly used in research to elucidate biochemical pathways 
(Kellmann et al. 2010). 
My dissertation characterizes the algal composition by number, organism per liter 
(org/l) and genera richness (number of genera) for different aquatic habitats in 
Mississippi. Algae densities and genera richness have been collected and reported in 
theses, dissertations, grants, and contracts from our laboratory since 1969.  Each project 
had a specific directive or reason for studying algae and tried to accurately solve a 
problem at the moment.  Water quality parameters were taken on each project.  The list of 
environmental variables differed with the needs of the study and the habitat.  Some 
parameters were common to all projects and some were done for a specific reason in a 
limited study.  These studies had little or no statistical treatment of the individual data 
which is why I choose to statistically summarize the results of 40 years of work in our 
laboratory.  
 Statistics for each study were done as possible and unified so statistical analyses 
could be run among studies to show the importance of compared parameters influencing 
algal density and algal presence between the various habitats.  Environmental gradients 
that characterize and predict the number and types of algae and major patterns of 
community structure in aquatic systems of Mississippi are defined. 
Classification of the algae into major taxonomic categories follows the system 
used by Smith (1950) and followed by Tiffany & Bitton (1952), Carr & Whitton (1973), 
Whitford & Schumacher (1984) and Bold & Wynne (1985).  Algae do not represent a 
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single evolutionary direction or line; they include members in the domains Eukarya and 
Bacteria.  Although the organization of algal taxa above the order level has changed 
substantially in recent years because of advances in molecular technology and DNA 
sequence data, I followed the system of Smith (1950) because I analyzed historical that 
followed Smith’s system.  However, the term “Cyanophyta”, the blue green algae (BGA), 
used in most of the papers analyzed in the present study was replaced by the most current 
and precise term Cyanobacteria. 
Algal studies from our laboratory have ranged from small order streams to rivers, 
from temporal ponds to fish production ponds and to lakes.  They included fresh water 
systems, brackish, and marine water.  Emphasis in the last decade has been placed in 
algal collections from phytoplankton in small order streams of South Mississippi.  
A river in a forest drainage basin has three general regions: the headwaters where 
the stream is narrow with a dense riparian canopy; the mid-reaches, where the streambed 
has widened and the bottom is well lit by direct sunlight, and the lower reaches, usually 
where the river is slow-flowing and the turbidity of the water prevents sunlight from 
supporting algae growth on the bottom (Cushing & Allan 2001).  Streams are identified 
by stream order, denoted by its position in the hierarchy of tributaries.  First order 
streams are not connected to any tributaries; they flow into other first-order streams or 
into ones that are larger (Vannote et al. 1980).  Second order streams are connected to 
one other stream.  A third order stream is formed by the junction of two second order 
streams, and it receives as tributaries only first-order and second-order channels (Leopold 
1994).  Larger order streams are wider, drain larger areas, and have a more gradual slope 
than low order streams (Wehr & Sheath 2003). 
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Headwater streams accumulate, process, and transport materials from terrestrial 
environments, particularly in the form of deciduous leaf litter (Wallace et al. 1997).  
Breakdown of this matter is controlled by environmental factors such as temperature, 
activity of macroinvertebrates, and concentration of dissolved nutrients in the stream 
water (Roger & Minshall 2001). 
 Periphyton are the most successful primary producers in small streams and are a 
food resource for many stream organisms (Biggs 1996; Leland et al. 2001; Potapova & 
Charles 2005).  As the main primary producers of streams, epilithic algae have been 
studied extensively (Richardson et al. 1996; Giorgi & Ferreyra 2000; Kindt & Small 
2002; Henry & Fisher 2003; Soininen et al. 2004; Goodwin & Carrick 2008; Wyatt et al. 
2008).  The effects of environmental factors on periphyton algae communities have been 
examined (Duncan & Blinn 1989; Carr et al. 2005; Flinders et al. 2009), but little is 
known about the responses of phytoplankton in streams to changes in water conditions 
and how the environmental factors may interact to affect the algal community.  The 
sensitivity of the periphyton community structure and biomass to nitrogen and 
phosphorus loading has been demonstrated (Kelly & Whitton 1995; Stevenson et al. 
2008).  On the other hand, phytoplankton in small order streams have been considered to 
be a minor contributor to the primary productivity of the system (Cushing & Allan 2001) 
and provide only a small fraction of the total available particulate organic matter (Weber 
& Moore 1967).  However, some authors consider that the algal input of headwater 
streams cannot be ignored, since it represents the inocula of some potamoplanktic species 
(Reynolds & Descy 1996; Reynolds 2000).  A diverse algal assemblage that serves as a 
source of propagules for the downstream flora has been found in the plankton of 
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continuously flowing springs (Huryn et al. 2005).  Although productivity in headwater 
creeks may be low, temperate rivers of fourth or greater order can actually carry and 
support a genuine phytoplankton community that shows regular and predictable 
fluctuations in composition and abundance like the one found in phytoplankton from 
lakes (Rojo et al. 1994; Reynolds 1995, 2000; Soares et al. 2007). 
 The influence of environmental variables on phytoplankton composition in 
eutrophic rivers has been illustrated extensively in recent years.  These rivers have high 
conductivity, low transparency and are subject to great water level variations.  Centric 
diatoms are an important component of the phytoplankton of these rivers (Wehr & Sheath 
2003).  In addition, periphyton components such as Synedra and green Chlorococcales 
are frequent in occurrence.  Investigations have been done in larger rivers such as the 
River Rhine (Admiraal et al. 1993; Scherwass et al. 2010), Danube River (Schmidt 
1994), Seine River (Garnier et al. 1995), Vaal River (Roos & Pieterse 1996; van Vuuren 
& Pieterse 2005), Loire River (Lair & Reyes-Merchant 1997; Lair et al. 1999; Picard & 
Lair 2005), River Great Ouse and Thames (Marker & Collett 1997; Ruse & Love 1997), 
Ohio River (Wehr & Descy 1998; Sellers & Bukaveckas 2003), River Meuse (Gosselain 
et al. 1998), Scarpe River (Noppe et al. 1999), San Joaquin River (Leland et al. 2001; 
Lehman 2007), Xiangxi River system (Tang et al. 2002), Cumberland and Tennessee 
Rivers (Koch et al. 2004).   
Rivers with a high discharge that flow through a large floodplain such as the 
Amazonas and the Paraná River (Devercelli 2006; Zalocar de Domitrovic et al. 2007; 
Rodrigues et al. 2009) permit the development of a true lotic phytoplankton with 
dominance by centric diatoms accompanied by unicellular Chlorophyta at different times 
of the year.  When the flow is reduced during summertime Cyanobacteria become the 
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dominant algae in the community.  Rivers with comparative lower nutrient load and 
higher transparences such as the Uruguay River (O’Farrell 1994) support a high species 
richness and a significant desmid representation.  On an average basis, diatoms appear to 
be more dominant in rivers than lakes (Rojo et al. 1994). 
 In lakes, one of the key factors influencing the absorption and scattering of light is 
the concentration and composition of the phytoplankton within the water column (Jones 
et al. 2005).  Water clarity can affect the vertical flux of heat and also the algal 
productivity.  Water residence time, nutrient availability, and changes in climate will 
substantially affect abundance and timing of phytoplankton populations in lakes and 
rivers (Soballe & Kimmel 1987; Bush 1997).  Performances of organisms may vary 
because of thermal alteration caused by seasonal changes and local disturbances (Li et al. 
1994; Kichi et al. 2005).   
 The major factors controlling the growth, distribution, and composition of 
phytoplankton in marine systems include physical variables such as salinity, temperature, 
light, mixing of water masses, and turbulence (Anderson et al. 1994; Brogueira et al. 
2007) and chemical factors such as nitrogen availability.  It is commonly recognized that 
in marine environments phytoplankton growth tends to be nitrogen-limited (Wetzel 
2001).  However, iron availability (Martin 1991; Garcia et al. 2008) and silicic acid 
concentrations (De la Rocha et al. 2000; Boyd 2002) may also be important chemical 
variables.  In brackish water and estuaries the regulation of phytoplankton by physical 
and chemical processes is more intricate due to the interaction of freshwater and marine 
inputs (Alpine & Cloern 1992).  Depending on the volume of inputs from marine and 
terrestrial sources, brackish water estuarine systems may be nitrogen or phosphorus 
limited (Pilkaitylé & Razinkovas 2006).   Phytoplankton growth in estuaries may be 
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controlled by factors such as flushing, salinity tolerance, light, nutrients, and grazing 
(Ferreira et al. 2005). 
Studies of Algae in Mississippi 
The algae of Mississippi have been studied for at least 80 years.  One of the 
pioneer works was carried out by Brown (1930), who described the desmids of the 
coastal region.  Since then, numerous studies have dealt with marine and freshwater algae 
in Mississippi waters.  The marine algae in Mississippi were studied by Humm (1956), 
Humm & Caylor (1957), Woodmansee (1962, 1963), Temple (1967), Eleuterius (1971), 
Felder (1975), Eleuterius & Miller (1976), Housley (1976), Grimes (1982), Sullivan 
(1979), Sullivan & Moncreiff (1988a, 1990), and Moncreiff et al. (1992).  Felder (1975) 
studied the diatoms found in plankton samples off the northwestern tip of Horn Island in 
the Mississippi Sound and found 35 species of diatom belonging to 18 genera.  Diatom 
populations increased during the spring and fall, with the lowest numbers found during 
the winter.  Housley (1976) examined during five years the distribution, periodicity, and 
identification of  phytoplankton in the Bay of St. Louis in Mississippi, as well as the east 
and west Mississippi River Delta.  The algae from the bay were smaller than the 
specimens from the east and west delta.  Sixty-three genera and 167 species of diatoms 
were identified in the study.  Phytoplankton was more abundant during the summer when 
salinity was the highest.  Eleuterius (1978) carried out a comprehensive survey of the 
phytoplankton in Bay of St. Louis as a part of an environmental baseline survey by the 
Gulf Coast Research Laboratory in Ocean Springs, MS.  Holtermann (2001) quantified 
the spatial and temporal distribution of major phytoplankton groups on the same bay 
based on phytoplankton pigments and using high-performance liquid chromatography 
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techniques.  Diatoms, Cyanobacteria, and Chlorophyta dominated chlorophyll a biomass 
during the summer season, while diatoms dominated during the winter season. 
The benthic and edaphic algae from coastal areas have also been investigated.  
Paulson & Pessoney (1975) and Pessoney & Grimes (1977) worked on the submerged 
attached algae in residential canals at Bay of St. Louis.  The salt marshes at Graveline 
Bay marsh and Horn Island were evaluated by Sage and Sullivan (1978), Sullivan (1978, 
1981), Sullivan & Moncreiff (1986, 1988b), Dahenick et al. (1992), Moncreiff et al. 
(1999), and Moncreiff & Sullivan (2001).  These studies described the distribution, 
abundance, and productivity of the different algal divisions in these areas. 
The initial work on freshwater algae in natural systems was focused on large 
lentic systems.  Goodwin (1940), Prescott & Scott (1942), and Goodwin (1953) identified 
the species of desmids present in lentic habitats of the state.  Whitford (1950) described 
70 species from water samples collected in Greenville.  The phytoplankton found in 
Sardis Lake was evaluated by Tolbert (1949), Owen (1950), Mitchell (1950), and 
Hanebrink (1965).  Grantham (1958) found the desmids to be the most abundant group in 
the phytoplankton present in Lake Geiger.  Temple (1967), Williams (1977) and 
Mississippi Department of Natural Resources (1983) described the distribution of 
phytoplankton in several Mississippi lakes.  Howell & Pessoney (1992) examined the 
phytoplankton found in 20 lakes throughout five major river drainage basins in 
Mississippi.  Algal densities were low and diversity was high; 64 genera of algae were 
recorded.  Wujek (1999) recorded 36 silico-scaled chrysophytes in 39 different ponds and 
lakes.  Sthapit et al. (2008) evaluated the temporal variation in the phytoplankton 
structure of Sardis Reservoir.  Sobolev et al. (2009) studied the relation between 
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inorganic turbidity, light limitation, and phytoplankton biomass in Ross Barnett 
Reservoir. 
The phytoplankton community structure in catfish ponds in Mississippi has been 
evaluated over the last 40 years.  Fleming (1973) studied the seasonal variation, 
periodicity, and relative abundance of six divisions of the algae occurring in a 
commercial hatchery and a federal fish hatchery.  Watkins (1983) found large numbers of 
cell per liter, high biomass and a low diversity of genera in plankton communities of 
commercial catfish ponds located throughout the Mississippi Delta.  Tucker & Lloyd 
(1983, 1984), and Tucker (1984) observed seasonal changes in the quantity and 
composition of the phytoplankton in six catfish ponds in west-central Mississippi.  
Summer and fall were dominated by Cyanobacteria whereas winter and spring were 
dominated by Chrysophyta.  The dynamics of the phytoplankton in commercial catfish 
ponds was analyzed by Earnheart (1987).  Anzola (1991) investigated the seasonal 
variation, occurrence, and abundance of planktonic and benthic algae occurring in catfish 
ponds with wetland filters and recirculating water.  Paerl & Tucker (2007) evaluated the 
ecological function of Cyanobacteria in aquatic ponds. 
Mississippi has an extensive network of rivers and streams.  However, very little 
is known about the phytoplankton composition in its lotic system.  Sullivan (1970) and 
Jordan (1976) worked on the phytoplankton and water quality in the Tallahala Creek and 
Leaf River during 1970 and 1972, respectively.  Hernandez-Torres (2002) studied the 
relation between algal flora and water quality in small creeks in South Mississippi.  
Chlorophyta were the most diverse algal division, but Chrysophyta were the most 
abundant.  Pessoney et al. (1998, 2000, 2001, 2003, 2005, 2006, 2007, and 2010) have 
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extensively monitored the algal composition in streams draining two military training 
facilities in Mississippi: Camp Shelby and Camp McCain.  More than 150 algal genera 
included in six divisions have been found in the streams. 
The influence of allelopathic agents as limiting phytoplankton growth in ponds 
and the laboratory has been extensively investigated (Pessoney & van Aller 1973; Nelson 
1975; Grimes 1976; Ramagli 1976; Tucker & Boyd 1978; Aust 1980; Clark 1980; Watts 
1981; van Arden 1983; Broome 1984; Smith 1999).  The effects and effectiveness of 
blue-green algaecides have been also tested (van Aller & Pessoney 1982; Watkins 1983; 
Pessoney et al. 1984, 1988; van Aller et al. 1985; Tucker & Lloyd 1987; van der Ploeg et 
al. 1992).  Algal responses to the presence of organic and inorganic mercury compounds 
(Smart 1973; Hudson 1973) and oil (Johnson 1977) have been analyzed.  The effects of 
chemical and nutrient manipulation on alkalinity and algal production in ponds were 
evaluated by Wyatt et al. (2005).   
 The present study characterizes the algal composition by number (org/l) and 
diversity for different aquatic habitats in Mississippi.  These habitats include low order 
streams, small river systems, reservoirs, brackish water marshes, major bays, intertidal 
areas of the Mississippi coast, and the Mississippi Sound.  They also include managed 
bodies of water such as commercial catfish ponds and recreational lakes.   
Other related objectives are to evaluate environmental factors that are associated 
with the presence, composition, and abundance of algae in aquatic systems of Mississippi 
and to establish the occurrence of algal blooms in different aquatic systems and 
investigate their effects on the algal community. 
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CHAPTER II 
MATERIALS AND METHODS 
Description of the Study Area 
The study area and the database information comprise different environments and 
several locations throughout the state of Mississippi.  They include low order streams and 
small rivers (Figures 1-3), ponds, small and large managed lakes (Figure 4), fish 
production ponds (Figure 5), and estuaries and marine systems (Figure 6).  
 
                                   
 
Figure 1.  Location of small streams and rivers with collection sites. 1, Camp Shelby; 2, 
Camp McCain; 3, Tallahala Creek; and 4, Leaf River. 
 
Long term data from several small orders streams that drain two military facilities 
in the state, Camp Shelby and Camp McCain, are included.  Camp Shelby covers more 
than 54,000 ha in Southern Mississippi, approximately 12 miles south of Hattiesburg and 
east of U.S. Highway 49.  The facility lies in the central part of the Pascagoula River 
Basin in the East Gulf Coastal Plain.  The two principal streams that drain Camp Shelby 
1 
2
3 
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are the Leaf River to the north and east and Black Creek to the south and southeast.  Most 
of the northern parts of Camp Shelby drain into the Leaf River (sites 1-10) (Figure 2).  
The creeks in the south of the camp are tributaries of Black Creek (sites 14-28), which is 
also a tributary of the Pascagoula River that joins it south of the Jackson County border.  
Most of the southeastern section is drained by Whiskey Creek (site 12), which is a 
tributary of the Pascagoula River (Pessoney et al. 2000, 2003, 2005, 2006, 2007; 
Hernandez-Torres 2002).  
                          
 
Figure 2.  Collection sites at Camp Shelby. 1, Jacobs Creek; 2, Weldy Creek; 3, Caraway 
Creek; 4, Denham Creek; 6, Milky Creek; 7, Coleman Creek; 8A, Unnamed Creek West 
Branch; 8B, Unnamed Creek East Branch; 10, Weldy Creek 2;  12, Whiskey Creek; 14, 
Sweetwater Creek; 15, Deep Creek; 17, Hickory Creek; 18, Cypress Creek; 21, Pierce 
Creek; 23, Middle Creek; 25, Clear Creek; 26, Poplar Creek; 27, Davis Creek;   28, 
Morris Branch; M-1, Headwater of Davis Creek. 
 
Camp McCain, in Elliot, Mississippi, is a Mississippi Army National Guard 
(MSARNG) training facility that covers almost 5,200 ha.  Camp McCain is located near 
the boundary between the North Central Hill Province and the Loess Hills Province, 
which lies to the west of the site.  The training site belongs to the Yazoo Basin uplands 
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(Patrick et al. 1995).  The Yallousha River is the receiving stream of the Batupan Bouge, 
which in turn is the receiving stream of the Little Bouge (Figure 3).  The creeks that 
originate within the boundary of the training site are tributaries of the Little Bouge Creek 
(Pessoney et al. 2000, 2001, 2003, 2005, 2006, 2007).   
                                        
                       
 
Figure 3.  Collection sites at Camp McCain.  1, Crowder Creek (in); 2, Crowder Creek 
(out); 3, Epison Creek (in); 4, Epison Creek (out); 5, No Name Creek (in); 6, No Name 
Creek (out); 7, Campbell Creek (in); 8, Campbell Creek (out). 
 
Larger streams such as Tallahala Creek and Leaf River are also evaluated (Figure 
1).  The Leaf River watershed is located in southeastern Mississippi.  The headwaters of 
the Leaf River begin in Scott County, and the river flows 150 miles in a southern 
direction to its confluence with the Pascagoula River in Greene County.  The watershed 
includes several land uses such as urban, forest, cropland, pasture, and wetlands.  The 
Tallahala Creek is 105 miles long, running through four predominantly agricultural 
counties in south Mississippi.  Both creeks are recipients of municipal and industrial 
wastes (Sullivan 1970; Jordan 1976).  
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Twenty Mississippi lakes throughout five major rain drainage basins in the state 
are included in the data sets used for the present study (Figure 4).  The river basins are 
the Pascagoula, Pearl, Yazoo, Mississippi, and Tombigbee.  Lakes range from 105 ha to 
over 135,000 ha in surface area and incorporate all types of water use from flood control 
to recreational use (Howell & Pessoney 1992).  They include small recreational lakes in 
the Pascagoula River Basin, water supply reservoirs, oxbow lakes, and dams in the 
Tombigbee River drainage system. 
   
                                                 
 
Figure 4.  Location of lakes with algae collection sites. 1, Archusa Lake; 2, Turkey 
Fork Reservoir; 3, Lake Bogue Homa; 4, Flint Creek Reservoir; 5, Oktibbeha County 
Lake; 6, Lake Lincoln; 7, Lake Percy Quin; 8, Ross Barnet Reservoir; 9, Arkabutla 
Lake; 10, Sardis Lake; 11, Enid Lake; 12, Grenada Lake; 13, Wasp Lake; 14, Eagle 
Lake; 15, Lake Chotard; 16, Lake Beulah; 17, Tunica Cut-Off; 18, Town Creek 
Structure N° 6; 19, Aberdeen Lock and Dam; and 20, Columbus Lock and Dam. 
 
Small recreational lakes in the Pascagoula River Basin include Flint Creek 
Reservoir, Archusa, Turkey Fork, Bogue Homa, Oktibbeha County Lake, Lake Lincoln, 
and Percy Quin (Figure 4).  These lakes have surface areas between 105 and 486 ha.  
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Forest makes up 60-85% of the land use associated with the lakes.  They are managed for 
recreational purposes by Pat Harrison Waterway District, the U.S. Forest Service, 
Mississippi Department of Fisheries, Wildlife and Parks, and the U.S. Army Corps of 
Engineers. 
Five lakes within the reservoir category were sampled: Ross Barnett, Arkabutla, 
Sardis, Enid, and Grenada Lake (Figure 4).  Watershed land use is mainly forest and 
agricultural (90% combined).  These impoundments are primary used for public water 
supply and flood control.  Other uses include fishing, swimming, boating, and skiing.  
Reservoirs in Mississippi cover areas between 4,804 and 135,171 ha with mean depths of 
4 m or more.  They receive inflow from a number of rivers and several minor tributaries.   
Oxbow lakes include Wasp Lake, Eagle Lake, Lake Chotard, Lake Baulah, and 
Tunica Cut-Off (Figure 4).  Wasp Lake is located in the Yazoo River drainage basin.  The 
other four impoundments are situated in the Mississippi River drainage basin and are 
considered as Southern Mississippi Valley Alluvium.  These lakes are dependent on 
flows from the Mississippi River or bayous for flushing.  They are shallow and have 
surface areas between 142 and 1,862 ha.  Oxbow lakes have high conductivities (275-500 
µmhos), high pH (7.5-9), and high phosphorus content (130-400 mg/m
3
).  Wasp Lake and 
Eagle Lake are surrounded with cropland, full of agricultural activities (62-80% of 
watershed land use) while Lake Chotard, Lake Beulah, and Tunica Cut-Off are 
surrounded by forest (80-90%).   
Three lakes within the Tombigbee River drainage system were sampled: Town 
Creek Structure #6, Aberdeen Lock and Dam, and Columbus Lock and Dam (Figure 4).  
The lakes support between 335 and 22,275 ha of surface area.  Land use surrounding the 
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impoundments is mainly agricultural and forestry with little urban influences.  Primary 
use of the water is recreational and flood control.  The Tombigbee River is a navigational 
waterway used for barge traffic and maintained by the U.S. Army Corps of Engineers.  
The lakes are deep with clear water conditions, Secchi readings over 1m, pH between 7 
and 8, and low nutrient contents.  Conductivities are high during the summer (140-160 
µmhos) and low during the fall (20-60 µmhos).  
Data also contain information on fish ponds (Figure 5), from managed ponds in 
Lyman and Hattiesburg (Fleming 1973) to new production ponds in Purvis (Anzola 1991) 
and the Mississippi Delta (Watkins 1983; Pessoney & van Aller 1984; Pessoney et al. 
1988). 
                                   
 
Figure 5.  Location of fish productions ponds. 1, Lyman; 2, Hattiesburg; 3, Purvis; 4, 
Delta Branch Experiment Station; and 5, Delta Catfish Ponds. 
 
Collection sites at the federal fish hatchery in Lyman consisted of a largemouth 
bass brood pond, two channel catfish fingerlings ponds, and a bass-bluegill rearing pond.  
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Managed ponds in Ole Joe’s Catfish Hatchery in Hattiesburg included five channel 
catfish fingerling ponds, the feed-out pond, and a brood pond.  Ponds were between 0.2 
and 1.2 ha in surface area (Fleming 1973). 
The fish culture system in Purvis comprised three culture catfish ponds associated 
with simulated marsh filters.  The system used surface runoff water and the catfish pond 
effluents were recirculated through the artificial marsh (Anzola 1991).  
Production ponds in the Delta varied from 1 to 6 ha in size with four ft of average 
depth.  The water was obtained from shallow wells.  The ponds were stocked with fry or 
fingerlings of catfish at rates to produce 8,000 lb of catfish per surface ha at harvest.  
They were fed daily with a high protein fish food and harvested at a weight of 1 to 3 lb 
about six months to two years after stocking (Pessoney et al. 1988).  Eight ponds with 0.1 
ha surface area at the Delta Branch Experiment Station located in Stoneville, MS were 
also investigated.  They were lightly stocked with fish and consequently lighted fed. 
Algae records from estuaries in the Mississippi Gulf Coast including Bay of St. 
Louis (Pessoney & Grantham 1973; Housley 1976; Paulson & Pessoney 1975) and in the 
coastal areas (Grimes 1982; Burris 2007) and in brackish water (Housley 1976) are 
integrated (Figure 6).  Experimental marine water ponds (Johnson 1977) and algae off 
Horn Island (Felder 1975) are utilized as well.   
 The Bay of St. Louis is a shallow estuarine bay with muddy bottom (Housley 
1976).  Salinity is reduced by the freshwater streams entering the bay, the Wolf River 
from the northeast, the Jourdan River from the northwest, and Bayou Portage, which 
enters on the eastern border and represents a small drainage area (Figure 6).  Salinities 
vary from 0.1 ppt in the winter to highs of 21-22 ppt during the summer months. 
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Figure 6.  Location of marine and estuary collections sites. 1, Horn Island; 2, Bay of St. 
Louis; 3, Residential Canals in the Jourdan River; 4, Mississippi Sound; and 5, Hopedale, 
LA. 
 
The Mississippi Gulf Coast measures 70 mi from the Louisiana to the Alabama 
state lines (Grimes 1982).  About one-third of the coast has been filled to the seawall with 
sand.  The outlets of the Pascagoula and Pearl rivers are valleys filled by deposition.  The 
Bay of St. Louis and Back Bay of Biloxi are drowned valleys not yet filled.  The estuary 
area of the state is 206,000 ha of which 27,000 are marshes and 3,300 are inland 
waterways.  Mississippi Sound is located between the coastline and the barrier islands.  
Salinity in the Sound varies from less than 1 ppt to 33 ppt (Grimes 1982). 
Analysis of residential canals included the head of the Jourdan River and 
Edwards, Joe’s, and Watts bayous.  They are located approximately 4 miles inland from 
the Gulf of Mexico.  Extensive marshes are associated with the head of the Jourdan River 
and marsh plants are abundant along the canal bank (Pessoney & Grimes 1977). 
Horn Island is a thin, 11 square kilometer island located in the Gulf of Mexico 
south of Ocean Springs (Moncreiff et al. 1992).  It is one of the five islands comprising 
5 
4 
3 
2 
1 
 19 
the barrier chain off the Mississippi coast.  The island shelters the Mississippi Sound to 
its north and the open water of the Gulf of Mexico is on its south side. 
The Breton Sound estuary is located in the Mississippi River Deltaic Plain.  It has 
an area of approximately 274,000 ha of which 28% correspond to salt marshes.  The 
estuary includes the Portman lagoon marsh, a 1,539 ha area that is a limited drainage 
basin regulated by a water control structure.  The water control structure relieves flooding 
caused by storms and high tides and also aids in restoring marsh habitat to the area.  The 
drainage area receives all its input from rain or tidal influence.  Fluctuating temperatures 
and salinities, high water flow, and a basic pH are typical of the area (Burris 2007).   
Treatment of Data 
Data sets are constructed using information from the long term monitoring in 
creeks at Camp Shelby and Camp McCain training sites, plus data collected by several 
authors (Table 1, Appendix A) in previous years from other aquatic habitats of 
Mississippi.  Results are broken in six major sections: 1- Small order streams, 2- Large 
streams and rivers, 3- Lakes and reservoirs, 4- Fish production (managed) ponds, 5- 
Brackish water, and 6-Marine waters.  According to the amount of information 
represented in each study, the data analyses are performed at three levels. 
Level I.  What is the Seasonal Algal Abundance and Composition of the Water Habitats?   
This level includes all studies in Table 1 and summarizes general descriptive 
statistics for all water habitats.  Results include algal densities and algal richness per 
study and water habitat.  See references and Appendix A for more detailed explanations 
of sampling methodology. 
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Table 1   
 
List of Datasets from Freshwater and Marine Algae Studies   
 
Site Community 
Type 
Habitat References 
Camp Shelby Phytoplankton Small order 
streams 
Pessoney et al. (2000, 
2001, 2003, 2005, 2006, 
2007), Hernandez-Torres 
(2002) 
Camp McCain Phytoplankton Small order 
streams 
Pessoney et al. (2000, 
2001, 2003, 2005, 2006, 
2007) 
Tallahala Creek Phytoplankton Large streams 
and rivers 
Sullivan (1970) 
Leaf River Phytoplankton Large streams 
and rivers 
Jordan (1976) 
20 Lakes in five 
major drainages 
Phytoplankton Lakes and 
reservoirs 
Howell & Pessoney 
(1992) 
Lyman and 
Hattiesburg 
Phytoplankton Fish production 
ponds 
Fleming (1973) 
Mississippi Delta Phytoplankton Fish production 
ponds 
Watkins (1983), Pessoney 
& van Aller (1984), 
Pessoney et al. (1988) 
Purvis Phytoplankton, 
benthic algae 
Fish production 
ponds 
Anzola (1991) 
 
Jourdan River Phytoplankton Brackish water Paulson & Pessoney 
(1975) 
Bay St. Louis Phytoplankton Brackish water Housley (1976), Pessoney 
& Grimes (1977) 
Bay St. Louis Benthic algae Brackish water Pessoney & Grimes 
(1977) 
MS Gulf Coast Benthic algae Brackish water Grimes (1982) 
Hopedale, LA Phytoplankton Brackish water Burris (2007) 
Horn Island Marine Marine water Felder (1975) 
MS Gulf Coast Marine Marine water Housley (1976) 
Experimental 
ponds 
Marine Marine water Johnson (1977) 
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One-way analysis of variance (ANOVA) followed by the Tukey’s HSD multiple 
comparison tests were performed at significance level of p<0.05 to test the means by site 
and season (Zar 1999).  Correlations matrices and simple regression analysis were used to 
determine how the algal abundance and richness are related to physical and chemical 
data. 
Level II.  What is the Algal Community Composition by Habitat and Season?   
In those investigations in which a list of genera per site per sample is available, 
the spatial distribution of the algae genera are examined using multivariate techniques of 
community ordination (Watkins 1983; Pessoney & van Aller 1984; Pessoney et al. 1988; 
Howell & Pessoney 1992; Pessoney et al. 2001, 2003, 2005, 2007; Hernandez-Torres 
2002).  Non-Metric Multidimensional Scaling (NMS) analysis based on Jaccard distances 
are applied to reveal variation in community composition on different scales (McCune & 
Grace 2002).  Stress is a measure of departure from monotonicity in the relationship 
between the distance in the original p-dimensional space and distance in the reduced k-
dimensional ordination space.  NMS plots display the samples in species space.  Sites 
with algal communities of similar composition are grouped closely together, whereas 
sites with dissimilar community composition are separated in the two-dimensional plot.  
Evaluation of whether the NMS extracts stronger axes than expected by chance is 
performed by a randomization procedure (Monte-Carlo test).  Cluster analyses (average 
linkage) are used to determine the algal assemblages. 
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Level III.  How is the Community Structure Related to the Measured Environmental 
Variables?  Do Long Term Data Sets Define the Most Discriminant Environment 
Gradients that Characterize the Number, Types, and Pattern of Community Structure in a 
Habitat?   
Multivariate evaluations are made using canonical correspondence analysis 
(CCA).  Canonical correspondence analysis identifies a basis for community ordination 
by identifying patterns of variation in community composition best accounted for by a set 
of variables (Ter Brack 1986).  Canonical correspondence analysis was conducted using 
the program PC-ORD (version 4 for Windows, MjM Software Design) (McCune & 
Mefford 1999).  Highly correlated and redundant variables are omitted from the final 
analysis.  The statistical significance of the relationship between algal genera presence 
and the entire set of environmental variables are tested using Monte Carlo permutation 
tests at α = 0.05.  Long term data for low order streams in and around Camp Shelby and 
Camp McCain (Pessoney et al. 2001, 2003, 2005, 2007; Hernandez-Torres 2002) were 
used.  Canonical correspondence analyses were also applied in datasets of lakes and 
reservoirs of Mississippi (Howell & Pessoney 1992) which include complete seasonal 
sets of environmental variables and algae composition to evaluate the effects of variable 
interactions in the algal community structure.  Canonical correspondence analysis 
combines correspondence analysis with multiple regression techniques, such that the 
ordination axes are constrained to represent linear combinations of the explanatory 
variables (Smith & Kraft 2005).  The CCA plots display the samples in species space that 
has been constrained (through multiple regression) by environmental variables in an 
attempt to relate community structure to environmental factors. 
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CHAPTER III 
RESULTS  
Level I.  Characterization of Algae by Habitat 
1.  Algae in Small Order Streams 
Results and analysis are presented based on datasets from Hernandez-Torres 
(2002), and Pessoney et al. (2000, 2001, 2003, 2005, 2006, 2007).  Algae size is small; 
unicellular species, rather than filamentous ones, are dominant.  Densities ranged from 
less than 100 org/l to 650 org/l (Table 2).  Streams with stagnant conditions occasionally 
presented an algal bloom.   
 
Table 2 
 
Density of Algae and Algal Richness in Small Order Streams 
 
 
 
 
Camp Shelby streams 
 
Camp McCain streams 
 
 
Algal density (org/l) 
 
100 - 400 
 
80 – 650 
 
Richness (# of genera)  
      Chlorophyta 
      Chrysophyta 
      Cyanobacteria 
      Euglenophyta 
      Pyrrophyta 
      Rhodophyta 
      Total 
 
 
57 
34 
14 
3 
3 
2 
113 
 
 
44 
22 
6 
3 
2 
0 
77 
 
Most abundant taxa 
 
Pennate diatoms 
 
Pennate diatoms 
 
Genera commonly found 
 
Navicula, Tabellaria, 
Nitzchia, Surirella, 
Eunotia, Pinnularia, 
Closterium, Mougeotia, 
Ankistrodesmus 
 
 
Navicula, Nitzchia, 
Eunotia, Pinnularia, 
Closterium, Mougeotia, 
Ankistrodesmus 
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Algal diversity is high; a total of 113 genera were identified.  Chlorophyta had the 
largest number of genera, but their densities were low.  They were widespread in 
occurrence.  The Chrysophyta, principally diatoms, were the most abundant algae in all 
the streams.  At least 30% of the total genera were rare and occurred only occasionally.  
Algae related to harmful algal blooms in freshwaters were sporadic or not detected. 
2. Algae in Large Streams and Rivers 
Results are based on datasets from Sullivan (1970) and Jordan (1976).  
Phytoplankton concentration fluctuated between 500 org/l and 2.1 x 10
5
 org/l (Table 3).     
 
Table 3 
 
Density of Algae and Algal Richness in Large Streams and Rivers 
 
 
 
 
Tallahala Creek 
 
Leaf River 
 
 
Algal density (org/l) 
      1970 
      1972 
 
 
500 – 2.1 x 10
5
 
4,000 – 71,000 
 
 
1000 – 1.4 x 10
5 
4800 – 27,000 
 
Richness (# of genera)  
      Chlorophyta 
      Chrysophyta 
      Cyanobacteria 
      Euglenophyta 
      Pyrrophyta 
      Total 
 
 
29 
19 
4 
3 
2 
57 
 
 
23 
15 
5 
3 
1 
47 
 
Most abundant taxa 
 
Cyanobacteria below 
effluents entrance 
Diatoms above effluents 
entrance 
 
Cyanobacteria below 
effluents entrance 
Diatoms above effluents 
entrance  
 
Genera commonly found 
 
Microcystis, Oscillatoria, 
Scenedesmus, Fragilaria, 
Navicula, Pinnularia 
 
Microcystis, Anabaena, 
Oscillatoria, Navicula, 
Scenedesmus, Actinastrum  
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The plankton community in unpolluted portions of the streams was dominated by 
diatoms (Fragilaria, Navicula, and Pinnularia) whereas below entrance of effluents 
Cyanobacteria were the most conspicuous algae (Oscillatoria and Mycrocystis).  Most of 
the algal genera identified in the Tallahala Creek and Leaf River were seen infrequently.  
3.  Algae in Lakes and Reservoirs 
Results are based on datasets from Pessoney & Howell (1992).   Numbers of 
algae in lakes and reservoirs were low (2,400 to 4.4 x 10
5
 org/l) and diversity was high 
during summer and winter collections (Tables 4 and 5).  Algae of five divisions were 
identified. The phytoplanktonic flora for all lakes was well represented by Chlorophyta 
with 35 genera with the Volvocales being numerous in summer samples.   
 
Table 4 
 
Density of Algae and Algal Richness in Recreational Lakes and Water Supplies 
 
 
 
Small recreational lakes in 
the Pascagoula River basin 
 
Water supplies and reservoirs 
 
 
Algal density (org/l) 
Summer 
6,000 -31,000 
Fall 
2,800 – 27,000 
Summer 
4,100 – 26,000 
Fall 
3,800 – 4.4x105 
 
Richness (# of genera)  
      Chlorophyta 
      Chrysophyta 
      Cyanobacteria 
      Euglenophyta 
      Pyrrophyta 
      Total 
 
 
12 
5 
6 
3 
1 
27 
 
 
13 
8 
3 
1 
0 
25 
 
 
23 
8 
9 
2 
1 
43 
 
 
6 
6 
2 
2 
1 
17 
 
Most abundant taxa 
 
Chlorophyta 
 
Chlorophyta 
 
Chlorophyta 
 
Chlorophyta 
 
Genera commonly 
found 
 
Cosmarium, 
Sorastrum, 
Oscillatoria 
 
Pediastrum, 
Scenedesmus, 
Ulothrix 
 
Pediastrum, 
Volvox, 
Sorastrum, 
Melosira, 
Anacystis, 
Oscillatoria 
 
Stichococcus, 
Ulothrix, 
Melosita, 
Pennate 
diatoms 
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Fourteen genera were Cyanobacteria and 11 genera Chrysophyta.  The remaining 
identified algae were Euglenophyta (three genera) and Phyrrophyta (one genus).  Algae 
blooms and floating mats of respiring algae were not found. 
 
Table 5 
 
Density of Algae and Algal Richness in Oxbow Lakes and Dams at the Tombigbee River 
Drainage System 
 
 
 
 
Oxbow 
 
Dams at the Tombigbee River 
 
 
Algal density 
(org/l) 
Summer 
2,400 - 49,000 
Fall 
11,000 – 2.2x105 
Summer 
3,800 – 2.1x105 
Fall 
23,000 - 35000 
 
Richness (# of genera)  
      Chlorophyta 
      Chrysophyta 
      Cyanobacteria 
      Euglenophyta 
     Total 
 
 
11 
3 
9 
1 
24 
 
 
10 
5 
6 
3 
24 
 
 
16 
6 
7 
0 
29 
 
 
8 
9 
2 
1 
20 
 
Most abundant taxa 
 
Chlorophyta 
 
Chlorophyta 
 
Chlorophyta 
 
Chlorophyta 
 
Genera commonly 
found 
 
Gonium, 
Stichococcus, 
Volvox, 
Anabaena, 
Anacystis, 
Oscillatoria, 
Spirulina 
 
Stichococcus, 
Ulothrix, 
Navicula, 
Ankistrodesmus 
 
 
Actinastrum, 
Pediastrum, 
Scenedesmus, 
Melosira, 
Anabaena, 
Oscillatoria 
 
Ulothrix, 
Tabellaria, 
Synedra, 
Melosira 
 
4.  Algae in Fish Production Ponds 
Results (Tables 6 and 7) and analysis done on algae in fish ponds are based on 
data from Fleming (1973), Watkins (1983), Pessoney et al. (1984, 1988), and Anzola 
(1991).  Algae densities and diversity may vary greatly during the year in production 
ponds.  Ponds in Mississippi fluctuated between 170 and 6.3 x 10
7
 cells/l.  In intensive 
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culture the phytoplankton community is composed of a large number of organisms per 
liter, high biomass, and a low diversity of genera.  Algae of five divisions and 101 genera 
were identified from production ponds throughout Mississippi.  This includes 23 genera 
of Cyanobacteria, 50 genera of Chlorophyta, 22 genera of Chrysophyta, four genera of 
Euglenophyta, and two genera of Pyrrophyta.   
 
Table 6 
 
Density of Algae and Algal Richness in Catfish Ponds in the Mississippi Delta 
 
 
 
 
Commercial catfish ponds 
 
Delta Branch Experimental 
Station ponds 
 
 
Algal density (org/l) 
 
10,000 – 6.3 x 10
7
 
 
12,000 – 5.9 x 10
6
 
 
Richness (# of genera)  
      Chlorophyta 
      Chrysophyta 
      Cyanobacteria 
      Euglenophyta 
      Pyrrophyta 
      Total 
 
 
19 
7 
11 
3 
2 
42 
 
 
22 
10 
9 
3 
2 
46 
 
Most abundant taxa 
 
Cyanobacteria 
 
Cyanobacteria 
 
Genera commonly found 
 
Microcystis, Oscillatoria, 
Spirulina, Aphanizomenon, 
Anabaena, Pediastrum, 
Scenedesmus, Melosira 
 
Microcystis, Oscillatoria, 
Anabaena, Pediastrum, 
Ulothrix  
 
 
Microcystis was the most frequently occurring genus in the commercial catfish 
ponds at the Delta (Table 6).  It was encountered in 83% of the samples.  The genus 
Melosira was found in 66% of samples; Oscillatoria (60%) and Pediastrum (58%) were 
also found widespread but in low number.   
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Filamentous Chlorophyta such as Spirogyra, Zygnema, Ulothrix, Pitophora, and 
the Chrysophyta Tribonema were found in the cooler months of the year when abundance 
of blooms decreased.  Melosira was the only frequently collected diatom.  Euglenophyta 
such as Phacus, Euglena, and Trachelomonas, and the Chlorophyta Closterium were 
frequently found but never numerous when phytoplankton abundances were under 1 x 
10
6
 cells/l.  These organisms were rare when the cell count exceeded 2 x 10
6
 cells/l. 
In the fish hatcheries, Chlorophyta were abundant and the dominant organisms 
during the spring, summer, and winter (Table 7).  Cyanobacteria were dominant during 
the late summer.   
 
Table 7 
 
Density of Algae and Algal Richness in Fish Hatcheries and Catfish Ponds with 
Recirculating Systems 
 
 
 
 
Fish hatcheries 
 
Catfish ponds with 
recirculating systems 
 
Algal density (org/l) 
 
170 – 7.3 x 10
5
 
 
15,000 – 1.5 x 10
6
 
 
Richness (# of genera)  
      Chlorophyta 
      Chrysophyta 
      Cyanobacteria 
      Euglenophyta 
      Pyrrophyta 
      Total 
 
 
35 
19 
15 
3 
2 
74 
 
 
30 
15 
7 
2 
2 
56 
 
Most abundant taxa 
 
Chlorophyta 
 
Cyanobacteria 
 
Genera commonly found 
 
Ulothrix, Staurastrum, 
Scenedesmus, Pediastrum, 
Fragilaria, Pinnularia, 
Synedra 
 
Microcystis, Oscillatoria, 
Dictyosphaerium, 
Closterium, Staurastrum, 
Dynobryon  
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Cyanobacteria were the dominant algae from April through October when water 
temperature was over 20ºC in the fish recirculating system (Table 7).  Microcystis was 
the most frequent and abundant genus during the warmer months.  When the temperature 
was below 20ºC (Nov-Mar), Microcystis was not observed.  
Twenty-one algal genera were identified from sediments in catfish ponds.  Nine 
of these genera were not found in the phytoplankton.  Anabaena, Oscillatoria, 
Chlorogonium, Chlorococcum, and Navicula were the most frequent and numerous algae 
grown on BBM agar plates.  Anabaena was seen all the year at all sites.  
5.   Algae in Brackish Water  
Analyses of algae in brackish water are based on databases from Pessoney & 
Grantham (1973), Felder (1975), Paulson & Pessoney (1975), Housley (1976), Pessoney 
& Grimes (1977), Grimes (1982), and Burris (2007).  Algal communities in brackish 
water from Bay St. Louis, MS and Breton Sound Estuary, LA were dominated by 
diatoms (Table 8).  Diatoms were also the most diverse group with 62 genera and 167 
species.  Small numbers of Chlorophyta and Pyrrophyta are observed during the winter 
months.  Cyanobacteria were also ephemeral components of the Bay phytoplankton. 
Total plankton densities dropped during the fall and early winter months with 
decreasing salinities.  The centric diatom Chaetoceros was the most abundant alga in the 
warmest months; however, its occurrence during the winter months is sporadic.  The 
algae from Bay of St. Louis were smaller than the ones from the East and West Delta, 
and their distribution in the bay was more uniform. 
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Table 8 
 
Density of Algae and Algal Richness in Brackish Water 
 
 
 
 
Bay of St. Louis 
 
Residential canals in the 
Jourdan River 
 
Breton Sound 
Estuary, LA 
 
Algal density (org/l) 
 
400 – 13,000 
 
11 – 3.7x10
5
  
 
170 – 9,600 
 
Richness (# of genera)  
      Chlorophyta 
      Chrysophyta 
      Cyanobacteria 
      Euglenophyta 
      Pyrrophyta 
      Total 
 
 
11 
65 
4 
 
6 
86 
1975 
 
6 
13 
2 
1 
2 
24 
1977 
 
7 
14 
4 
 
2 
27 
 
 
2 
30 
10 
 
2 
44 
 
Most abundant taxa 
 
Diatoms 
 
Chlorophyta 
 
Diatoms 
 
Diatoms 
 
Genera commonly 
found 
 
Chaetoceros, 
Bacteriastrum, 
Rhizosolenia, 
Nitzschia, 
Skeletonema  
 
Euglena, 
Scenedesmus, 
Oscillatoria, 
 
Navicula, 
Nitzschia  
 
 
Rhizosolenia, 
Coscinodiscus, 
Melosira, 
Odontella, 
Ditylum  
 
 
The algal community in the residential canals was represented by algal genera 
typical of fresh water environments.  Several centric diatoms such as Coscinodiscus, 
Biddulphia, and Rhizosolenia characteristic of more saline environments were present in 
all samples.  However, they always comprised a low percentage of the total 
phytoplankton. 
Diatoms accounted for over 93% of the relative abundance of all algae in the 
Breton Sound Estuary.  Phytoplankton density was positively associated with turbidity 
and negatively with water flow.  The centric diatoms, Rhizosolenia, Coscinodiscus, 
Melosira, Odontella, and Ditylum, were the most abundant as well as the most frequent 
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algae found in the system.  No significant relationships were found between genera 
richness and any of the physical and chemical variables tested during the study. 
A total of 36 algal genera were identified in microscopic examination of 
sediments from the intertidal zone of the Gulf Coast.  They included 24 Chrysophyta, six 
Cyanobacteria, four Chlorophyta, and one Pyrrophyta.  The distribution of the algae in 
the sediments of the intertidal zone showed an aggregate pattern.  Navicula and Nitzschia 
were always present. 
Twenty-five genera were found in the benthic samples of residential canals of the 
Jourdan River; 13 genera are representatives of the Chrysophyta division, eight are 
Chlorophyta, and four Cyanobacteria.  Only six Chrysophyta genera and four 
Cyanobacteria were present in both habitats.  Pennate diatoms such as Navicula and 
Nitzschia were the most common genera seen. 
6.   Algae in Marine Water 
Results of algae in marine water in Mississippi are based on databases from 
Felder (1975), Housley (1976), and Johnson (1977).  Phytoplankton in marine waters is 
dominated by diatoms and dinoflagellates.  Most of the richness in the northeastern Gulf 
of Mexico, Horn Island, and simulated experimental ponds was made by diatoms (Table 
9).   
The largest numbers of diatoms in Horn Island were observed late in the spring 
and during the summer months.  The lowest concentrations were found in the winter 
months.  
The algae community of the east and west Mississippi River Delta was composed 
essentially by centric and pinnate diatoms.  A single Cyanobacteria genus Trichodesmius 
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was present in open waters of the Gulf of Mexico; however, it was the most abundant 
alga collected, and it was found in greater concentrations than the combined total of other 
planktonic forms in several occasions.  Trichodesmium erythraeum reached bloom 
proportions offshore in water deeper than 18 m.  Phytoplankton densities varied between 
43 org/l and 18,160 org/l in the East Delta and 49 org/l and 4,658 org/l in the West Delta.  
Diatom growth was more productive in water with depths of 18 to 25 m than water at the 
surface. 
 
Table 9 
 
Density of Algae and Algal Richness in Marine Waters of Mississippi 
 
 
 
 
Horn Island 
 
Northeastern Gulf of 
Mexico 
 
Experimental 
Ponds 
 
Algal density (org/l) 
 
42 – 30,000 
 
43 -18,000 
 
40 – 5,700 
 
Richness (# of genera)  
      Chlorophyta 
      Chrysophyta 
      Cyanobacteria 
      Euglenophyta 
      Pyrrophyta 
      Total 
 
 
 
18 
 
 
 
18 
 
 
 
58 
1 
 
5 
64 
 
 
3 
8 
6 
 
 
17 
 
Most abundant taxa 
 
Diatoms 
 
Cyanobacteria and 
Diatoms 
 
Diatoms 
 
Genera commonly 
found 
 
Skeletonema, 
Asterionella, 
Thalassionema, 
Nitzschia, 
Thalassiothrix 
 
Trichodesmium, 
Chaetoceros, 
Rhizosolenia, 
Bacteriastrum, 
Skeletonema, 
Nitzschia, 
Thalassionema, 
Hemialus 
 
 
Navicula, 
Nitzschia, 
Gleocapsa, 
Oscillatoria 
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Physical and Chemical Characterization 
A summary of several physical and chemical characteristics for fresh water and 
marine habitats is presented in Tables 10 and 11, respectively.   
 
Table 10 
 
Summary of Some Water Variable Measurements for Fresh Water Habitats in Mississippi 
 
Habitat 
 
Temp. 
ºC 
D.O. 
mg/l 
Conduct 
µmhos 
pH Alkal. 
mg CaCO3/l 
Phosph. 
mg/l 
Ammonia 
mg/l 
 
Small streams 
Camp Shelby 
 
 
6.7-29 
 
2.6-9.5 
 
6.6-173 
 
4.5-8.1 
 
0.2-30.4 
 
0-0.81 
 
0.01-0.54 
Small streams 
Camp McCain 
 
5.9-27 2.0-8.2 62.8-202 6.8-7.8 20.6-53.6 0-0.05 0.02-0.13 
Tallahala 
Creek 
 
8-32 0.8-12 ND 5.1-7.4 ND 0.02-0.97 0.1-25.7 
Leaf River 
 
10-33 6-10 ND 5.6-7.3 ND 0.01-0.48 0.72-6.9 
Recreational 
lakes 
 
9.5-32 4.8-9.8 15-150 6.4-7.9 4-22 0.03-0.26 0.04-0.50 
Water supply 
reservoirs 
 
8.5-33 4.0-9.8 15-70 7.0-8.1 5-24 0.05-0.71 0.07-0.97 
Oxbow lakes 
 
10-32 5.5-10 225-500 7.2-8.9 71-221 0.13-0.40 0.06-1.13 
Dams at 
Tombigbee R. 
 
9-32 4.0-11 20-160 7.4-7.9 7-25 0.04-0.42 0.06-0.23 
Fish ponds at 
MS Delta 
 
17-33 1-15 ND 6.5-7.5 150-220 0.10-9.15 0.10-0.55 
Experimental 
catfish ponds 
 
19-33 4-11 ND 6.4-9.0 155-360 0.01-1.04 0.01-2.42 
Fish hatchery 
ponds Lyman 
 
18-31 4.4-14 ND 6.1-10 15-60 0.01-1.0 0.21-1.31 
Fish hatchery 
ponds Hattiesb. 
 
10-37 5.4-12 ND 5.9-8.7 15-60 0.01-1.0 0.18-2.35 
Recirculating 
fish pond system 
  
10.5-35 6.9-12 35-95 6.4-9.0 12-58 0.05-1.71 0.30-7.0 
Note.  ND: Not determined.  Temp. = temperature; D.O. = Dissolved oxygen; Conduct = 
conductivity; Alkal. = alkalinity; Phosp. = phosphate. 
 34 
Measurements of temperature between 5.9ºC and 35ºC were recorded in the 
different habitats.  Dissolved oxygen fluctuated between 0.8 mg/l below sites of effluent 
entrance in the Tallahala Creek and 15 mg/l in catfish ponds during the day in fall 
samples (Table 10).  Conductivity varied from 6.6 µmhos in some small order streams to 
500 µmhos.  The highest conductivity (500 µmhos) was found in oxbow lakes of the 
Mississippi River Delta (Lake Chotard and Tunica Cut-Off).  Salinity ranged between 0 
ppt in freshwater habitats and 31 ppt in Horn Island (Table 11).  pH varied from 4.5 in 
small order streams draining to Black Creek in South Mississippi to 10 in ponds in the 
fall samples at the fish hatchery in Lyman, Ms. 
 
Table 11 
 
Summary of Some Water Variable Measurements for Brackish and Marine Water 
Habitats in Mississippi 
 
Habitat Temperature 
ºC 
Salinity 
ppt 
D.O. 
mg/l 
pH 
 
Bay of St. Louis 
 
 
13.6 - 30.6 
 
0.1 - 20.6 
 
6.2 - 10.2 
 
6.2 – 8.1 
Residential canals Jourdan River 
 
11 - 33 6.8 - 14.6 1.4 - 13.5 6.8 - 7.2 
Breton Sound Estuary, LA 
 
13.3 - 33.3 12 - 25 ND 7.8 - 9.3 
Horn Island 
 
6 – 30 15 - 31 4.5 - 15 ND 
Intertidal zone of the Gulf Coast 
 
15 – 33.8 0.3 - 14.5 5.5 - 10.8 ND 
Note.  ND: Not determined.  D.O. = Dissolved oxygen; Salinity: ppt = parts per thousand 
 
Significant relationships exist between several water variables and phytoplankton 
density and richness in small order streams.  Thus, regression analyses indicate positive 
relationships between phytoplankton abundance and alkalinity (r=0.24), temperature 
(r=0.23), conductivity (r=021), orthophosphate (r=0.19), and dissolved oxygen (r=0.18) 
at statistical significant levels (p<0.05).   Genera richness was correlated to water 
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temperature (r=0.37), dissolved oxygen (r=019), and phytoplankton density (r=0.27) at 
statistical significant level (p<0.05). 
Positive correlations between temperature and algae density were found in three 
collection sites at a sand beach at Gulfport (r=0.95, p=0.005), on the Back Bay of Biloxi 
(r=0.98, p=0.001), and a mudflat in Ocean Springs (r=0.82, p=0.042) in sediment 
collections in the intertidal zone along the Mississippi Gulf Coast.  Algae density in 
sediments is reflected in number of colonies grown on artificial media.  Changes in 
salinity and dissolved oxygen also influenced the algal community densities; however, 
their correlations were not as high as the temperature. 
Salinity was correlated with phytoplankton species diversity (r=0.31) in Bay of St. 
Louis at statistical significant level (p<0.05).  A high correlation between temperature 
and salinity was also established (r = 0.67, p<0.01).  Temperature, salinity, and turbidity 
were positively correlated to algal abundance. 
Phytoplankton density in the Breton Sound Estuary was positively associated with 
turbidity and negatively with water flow.  No significant relationships were found 
between genera richness and any of the physical and chemical variables tested. 
Algal Densities in Aquatic Habitats of Mississippi and Bloom Conditions 
A summary of algal density and algal richness found in several aquatic habitats of 
Mississippi is presented in Table 12.  Densities fluctuate between 11 org/l in residential 
canals of the Jourdan River during winter and 6.3 x 10
7
 org/l in catfish production fish 
ponds in the Mississippi Delta during the summer.  While the range varies in small 
proportion in some aquatic habitats, in other the minimum and maximum algal 
concentrations differ by several orders of magnitude due to some algal taxa reaching 
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bloom conditions.  Average algal density in production fish ponds (2.0 x 10
6
 org/l) was 
significantly higher (p<0.05) than the average algal density in any other habitat.  At the 
other end, average algal density for small order streams was significantly lower (p<0.05) 
than the average algal density for the other habitats.  Although small order streams have 
the lowest algal abundant of any studied environment, it is the habitat with the largest 
number of genera.  
 
Table 12 
 
Density of Algae and Algal Richness in Aquatic Habitats of Mississippi 
 
 Habitat        Algal Density (org/l)    Algal Richness (# genera)                                  
Small order streams                                        100 to 650    115 
Large streams and rivers                             500 to 2.1 x 10
5
     57 
Lakes and reservoirs                                  2,400 to 2.2 x 10
5
     43 
Fish production ponds                                 170 to 6.3 x 10
7
     74   
Marine water                                                  40 to 30,000     64 
Brackish water                                             11 to 3.7 x 10
5
     86 
 
Algal blooms conditions were recorded in all aquatic habitats (Table 13). 
Cyanobacteria blooms were commonly found in managed ponds during the summer 
months whereas other major taxa reached occasionally bloom conditions in several 
habitats during the winter and spring seasons.  
 
 
 
 
 
 
 37 
 
Table 13 
 
List of Algal Blooms Recorded in Habitats of Mississippi 
 
 
Habitat 
 
 
Type 
 
Location 
 
Date 
 
Source 
 
Small order 
streams 
 
Euglena 
10,500 org/l 
 
Harveston 
Mill Creek 
 
June 2000 
 
Hernandez-Torres 
(2002) 
  
Euglena 
4,900 org/l 
 
Middle Creek 
 
July 2009 
 
Pessoney et al. 
(2010) 
 
Large streams 
and rivers 
 
Microcystis 
4.7 x 10
6
 org/l 
 
Tallahala 
Creek 
 
Summer 
1972 
 
Jordan (1976) 
  
Cyanobacteria 
Microcystis 
Anabaena  
 
Tallahala 
Creek below 
sewage 
oxidation 
plant entrance 
of effluents 
 
1970 and 
1972 
 
Sullivan (1970), 
Jordan (1976)  
 
Fish Production 
Ponds 
 
Cyanobacteria 
Microcystis 
Oscillatoria 
Spirulina 
Aphanizomenon 
Anabaena 
 
Commercial 
ponds in the 
MS Delta 
 
June to 
November 
each year 
1981-1987 
 
Watkins (1983), 
Pessoney and van 
Aller (1984), 
Pessoney et al. 
(1988) 
  
Cyanobacteria 
Oscillatoria 
 
Delta Branch 
Experiment 
Station ponds 
 
August to 
September 
1985 
 
Pessoney et al. 
(1988) 
  
Cyanobacteria 
Anabaena 
Coelosphaerium 
 
Chlorophyta 
Ankistrodesmus 
Closteriopsis 
 
Lyman Fish 
Hatchery 
 
Summer 
1971 
 
Fleming (1973) 
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Table 13 (Continued). 
 
 
Habitat 
 
 
Type 
 
Location 
 
Date 
 
Source 
  
Chlorophyta 
Chlorella 
 
Chrysophyta 
Navicula 
Fragilaria 
Tribonema 
 
Lyman Fish 
Hatchery 
 
Spring 1972 
 
Fleming (1973) 
  
Chlorophyta 
Coelastrum 
Closteriopsis 
 
Ole Joe’s Fish 
Hatchery 
 
Summer 
1971; 
winter, 
spring 1972 
 
Fleming (1973) 
  
Cyanobacteria 
Microcystis 
Gleothece 
 
 
Ole Joe’s Fish 
Hatchery 
 
Summer 
and fall 
1971 
 
Fleming (1973) 
  
Cyanobacteria 
Microcystis 
Anabaena 
 
Ponds with 
Recirculating 
system 
 
Summer 
1990 
 
Anzola (1991) 
 
Brackish water 
 
Chlorophyta 
Unidentified 
unicellular 
 
Residential 
canals at 
Jourdan River 
 
July 1976  
through 
May 1977 
 
Pessoney and 
Grimes (1977) 
 
Marine water 
 
Cyanobacteria 
Trichodesmium 
 
Offshore Gulf 
Coast 
 
November 
1973 - 1975 
 
Housley (1976) 
 
Level II.  Algal Composition of Aquatic Habitats in Mississippi 
A total of 219 genera belonging to six algal divisions have been recorded in 
freshwater and marine aquatic habitats of Mississippi (Table 14, Appendix B).  These 
genera are within the divisions Chlorophyta, Chrysophyta, Euglenophyta, Pyrrophyta, 
Rhodophyta, and Cyanobacteria.  Chlorophyta, with 91 genera, is the division with the 
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largest number of genera followed by Chrysophyta with 83 genera.  Cyanobacteria are 
represented by 32 genera.  The remaining algae are included in Euglenophyta (six 
genera), Pyrrophyta (five genera), and Rhodophyta (two genera). 
 
Table 14 
 
List of Algal Genera Found in Aquatic Habitats of Mississippi 
 
CHLOROPHYTA   
Actinastrum Gloeocystis Pleurotaenium 
Ankistrodesmus Golenkinia Protococcus 
Aphanochaete Gonatozygon Protosiphon 
Arthrodesmus Gonium Pteromonas 
Asterococcus Groenbladia Pyrobotrys 
Bambusina Haematoccocus Radiococcus 
Bulbochaete Hormidium Rhizoclonium 
Carteria Hyalotheca Scenedesmus 
Chlamydomonas Kirchneriella Selenastrum 
Chlorella Lobomonas Sorastrum 
Chlorococcum Mesotaenium Sphaerocystis 
Chlorogonium Micractinium Sphaerozosma 
Cladophora Micrasterias Spinoclosterium 
Closteriopsis Microspora Spirogyra 
Closteridium Microthamnion Spirotaenia 
Closterium Mougeotia Spondylosium 
Coelastrum Netrium Staurastrum 
Coleochaete Oedogonium Stichococcus 
Cosmarium Onychonema Stigeoclonium 
Crucigenia Oocystis Tetmemorus 
Cylindrocapsa Pachycladon Tetraedron 
Cylindrocystis Palmella Tetraspora 
Desmatractum Palmodictyon Trentepohlia 
Desmidium Pandorina Triploceras 
Dictyosphaerium Pediastrum Ulothrix 
Dimorphococcus Penium Volvox 
Docidium Phaester Volvulina 
Eremosphaera Phymatodocis Xanthidium 
Errella Pithophora Zygnema 
Euastrum Platydorina  
Eudorina Pleodorina  
CHRYSOPHYTA   
Achnanthes Amphipleura Asterionella 
Actinella Amphiprora Auliscus 
Actinocyclus Amphora Bacillaria 
Actinoptychus Arachnochloris Bacteriastrum 
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Table 14 (Continued). 
Biddulphia Frustulia Plagiogramma 
Cerataulina Gomphonema Pleurosigma 
Chaetoceros Gomphoneis Pseudoeunotia 
Chrysococcus Grammatophora Pseudo-nitzschia 
Chrysosphaerella Guinardia Rhaponeis 
Climacodium Gyrosigma Rhizosolenia 
Cocconeis Haslea Rhopalodia 
Corethron Hemialus Skelotonema 
Coscinodiscus Hemidiscus Stauroneis 
Coscinosira Hydrosera Stephanopyxis 
Cyclotella Lauderia Striatella 
Cylindridotheca Leptocylindrus Surirella 
Cymbella Lithodesmium Synedra 
Diatoma Mallomonas Synura 
Dimerogramma Mastogloia Tabellaria 
Dinobryon Melosira Thalassionema 
Diploneis Meridion Thalassiosira 
Ditylum Navicula Thalassiothrix 
Epithemia Neidium Trachyspenia 
Eucampia Nitzschia Tribonema 
Eunofagramma Ochromonas Tropidoneis 
Eunotia Odontella Uroglena 
Eunotogramma Opephora Vaucheria 
Fragilaria Pinnularia  
CYANOBACTERIA   
Anabaena Eucapsis Oscillatoria 
Agmenellum Fremyella Phormidium 
Anacystis Gloeocapsa Raphidiopsis 
Aphanizomenon Gloeothece Rivularia 
Aphanocapsa Gloeotrichia Schizothrix 
Calothrix Gomphosphaeria Scytonema 
Chroococcus Lyngbia Spirulina 
Coelosphaerium Merismopedia Stigonema 
Comphosphaeria Microcoleus Tolypothrix 
Cylindrospermum Microcystis Trichodesmium 
Dactylococcopsis Nostoc  
EUGLENOPHYTA   
Astasia Euglena Phacus 
Entosiphon Lepocinclis Trachelomonas 
PYRROPHYTA   
Ceratium Gonyaulax Peridinium 
Gymnodinium Noctiluca  
RHODOPHYTA   
Batrachospermum Rhodochorton  
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A cluster analysis was computed that takes into consideration the presence of 
algal genera in the different habitats (Figure 7).  The cluster emphasizes algal genera that 
are common to the groups under consideration.  Twenty-two habitats were compared and 
they aggregated according to the common algae present in the water.  The branch length 
connecting two or more sample plots extending down the scale indicates the degree of 
similarity between or among the habitats. 
 
Figure 7.  Dendrogram for hierarchical cluster analysis of aquatic habitats in Mississippi 
by algal presence.  The aquatic habitats are: SmCrSh = Small streams in Camp Shelby, 
SmCRMC = Small streams in Camp McCain, TalCr72 = Tallahala Creek and Leaf River 
(1972), FisHatLy = Fish hatchery at Lyman, FishHatOJ = Fish hatchery at Hattiesburg, 
FishPonPu = Fish ponds in Purvis, TalCr70 = Tallahala Creek and Leaf River (1970), 
RecrLake = Recreational lakes, Reservoi = Reservoirs, Dams = Dams at the Tombigbee 
River, OxbowLak = Oxbow lakes, FisPonDe = Fish ponds in the Delta, BaSLR75 = 
Residential canals in Bay St. Louis 1975, BaSLR77 = Residential canals in Bay St. Louis 
1977, FisPoBen = Benthic algae in fish ponds, BaSLRCBe =  Benthic algae of residential 
canals in Bay St. Louis, GulCoInt = Interstitial algae in the Gulf Coast, MarExpPo = 
Marine experimental ponds, MarHorIs = Marine water in Horn Island, BretEstu = Breton 
Sound Estuary, LA, MarGulCo = Mississippi Sound, BaySLPhy = Bay St. Louis  
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The NMS ordination of habitats (Figure 8) has a similar structure to the cluster 
analysis.  Freshwater habitats are grouped closely together in the lower left side of Axis 1 
whereas brackish and marine habitats converge in the upper area of Axis 2 occupying 
discrete regions of ordination space.        
 
Figure 8.  Non-Metric Multidimensional Scaling ordination plot of habitats by algae 
presence (stress = 7.696, p = 0.0196).  The aquatic habitats are: ST = Streams, LR = 
Lakes and reservoirs, FP = Fish ponds, BW = Brackish water, MW = Marine water, BH = 
Benthic habitats.  Abbreviations by sites are as follows: SmCrSh = Small streams in 
Camp Shelby, SmCRMC = Small streams in Camp McCain, TalCr72 = Tallahala Creek 
and Leaf River (1972), FisHatLy = Fish hatchery at Lyman, FishHatOJ = Fish hatchery at 
Hattiesburg, FishPonPu = Fish ponds in Purvis, TalCr70 = Tallahala Creek and Leaf 
River (1970), RecrLake = Recreational lakes, Reservoi = Reservoirs, Dams = Dams at 
the Tombigbee River, OxbowLak = Oxbow lakes, FisPonDe = Fish ponds in the Delta, 
BaSLR75 = Residential canals in Bay St. Louis 1975, BaSLR77 = Residential canals in 
Bay St. Louis 1977, FisPoBen = Benthic algae in fish ponds, BaSLRCBe =  Benthic 
algae of residential canals in Bay St. Louis, GulCoInt = Interstitial algae in the Gulf 
Coast, MarExpPo = Marine experimental ponds, MarHorIs = Marine water in Horn 
Island, BretEstu = Breton Sound Estuary, LA, MarGulCo = Mississippi Sound, 
BaySLPhy = Bay St. Louis.   
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1.  Algal Community Composition in Fish Ponds by Season 
The MNS ordination for catfish ponds in the Mississippi Delta (Figure 9) found 
an optimum solution at three dimensions (final stress = 17.7060, final instability = 
0.00495 at 400 interactions; Monte-Carlo test for lower stress in randomized data, P = 
0.0392 at 50 runs).      
 
Figure 9.  Non-Metric Multidimensional Scaling ordination plot of fish production ponds 
in the Mississippi Delta by season (stress = 17.7060, p = 0.0392).  The NMS plot displays 
the sample in species space.  The most abundant algal genera in the ponds are plotted. 
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Algal communities from summer are most different from the algal communities 
found during the winter.  In fall and winter the community structure overlaps and both 
seasons are overlapped by spring.  Representatives of the Cyanobacteria are grouped in 
the upper left side of the plot whereas the most abundant diatoms, Chlorophyta genera, 
and Euglenophytes are located in the central right side of the plot. 
2.  Algal Community Composition in Mississippi Lakes by Season 
The MNS ordination for lakes and reservoirs in Mississippi by lake type found an 
optimum solution at three dimensions (final stress = 16.5942, final instability = 0.00080 
at 400 interactions; Monte-Carlo test for lower stress in randomized data, P = 0.0323 at 
50 runs) (Figure 10).   
 
Figure 10.  Non-Metric Multidimensional Scaling ordination plot of Mississippi lakes by 
lake type (stress = 16.5942, p = 0.0323).  Abbreviations are as follows: RL = 
Recreational lakes at the Pascagoula River Basin, RE = Water supply reservoirs, OL = 
Oxbow lakes, DB = Dams at the Tombigbee River.  The most abundant algal genera in the 
ponds are plotted. 
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 The algal communities from oxbow lakes locate in the upper central region 
whereas the algal communities in Tombigbee River dams are found in the center of the 
ordination plot.  Algal communities from reservoirs and water supplies occupy the center 
region, and the communities in recreational lakes of the Pascagoula River basin are 
widespread.  The most common genera, representatives of diatoms and Cyanobacteria, 
locate in the central part of the plot and are present in all types of lakes. 
The ordination plot for algal communities in the lakes by season (Figure 11) 
shows that algal communities composition in the lakes during the summer period are 
different from those algal communities found during the fall.   
 
Figure 11.  Non-Metric Multidimensional Scaling ordination plot of Mississippi lakes by 
season (stress = 16.5942, p = 0.0323).  The most abundant algal genera in the ponds are 
plotted. 
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Algal communities from phytoplankton collections taken during the fall 
concentrate in the left area of the NMS plot whereas such communities from the summer 
sampling are located in the middle and right of the ordination space.  Cyanobacteria 
genera such as Oscillatoria, Polycystis, Anabaena, and Gleocapsa are in the right side of 
the plot whereas Cholorophyte Pediastrum and Stichococcus and diatoms Tribonema and 
Gomphonema are located in the left side of the plot.  
3.  Algal Community Composition in Small Streams at Camp Shelby by Season 
Non-Metric Multidimensional Scaling (NMS) analyses of data in small order 
streams of South Mississippi are applied to reveal variation in community composition on 
different scales.  The MNS ordination found an optimum solution at three dimensions 
(final stress = 20.691, final instability = 0.00001 at 400 interactions; Monte-Carlo test for 
lower stress in randomized data, P = 0.0196 at 50 runs).  The ordination plots show 
position of sites, color coded for algal communities at the season (Figure 12), drainage 
(Figure 13), and flow level (Figure 14).  Sites with algal communities of similar 
composition are grouped closely together, whereas sites with dissimilar community 
composition are separated in the two-dimensional plot.   
Fall sites tend to spread throughout the two-dimensional plot and include all taxa 
of other seasons (Figure 12) whereas spring is more constricted.  Summer, fall, and 
winter spread similarly to upper right.  Significant differences in the algal community 
structure by season are not perceived at this level.  The most abundant algal genera in the 
streams, the diatoms Eunotia, Surirella, Pinnularia, and Tabellaria, and the Chlorophytes 
Closterium, Spirogyra, and Mougeotia are positioned in the center of the plot.  Other 
abundant genera such as Nitzschia, Navicula, and Ankistrodesmus are located more 
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peripherally in the plot.  However, all the common algae genera are found widespread in 
any season. 
 
 
Figure 12.  Non-metric Multidimensional Scaling ordination plot of algal communities in 
small streams at Camp Shelby by season (stress = 20.691, p = 0.0196).  The most 
abundant algal genera in the small order streams are plotted. 
 
 
 Algal communities in sites draining to the Leaf River occupy similar region of 
ordination space as the sites draining Black Creek (Figure 13) whereas algal communities 
in sites draining the Pascagoula River occupy a narrower space and lean to the central left 
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part of the ordination space.  Significant differences in the algal community structure by 
drainage are not perceived at this level.  The 10 most abundant algal genera in the 
phytoplankton are present and widespread in all three drainages. 
 
 
Figure 13.  Non-metric Multidimensional Scaling ordination plot of algal communities in 
small order streams at Camp Shelby by drainage basin (stress = 20.691, p = 0.0196).  The 
drainage basins are:  LR = Leaf River, PR = Pascagoula River, BC = Black Creek.  The 
most abundant algal genera in the small order streams are plotted. 
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.   
Figure 14.  Non-metric Multidimensional Scaling ordination plot of algal communities in 
small order streams at Camp Shelby by flow (stress = 20.691, p = 0.0196).  The most 
abundant algal genera in the small order streams are plotted. 
 
   
Algal communities in fast flowing streams are located in similar areas in the 
ordination space to those from the slow flowing streams (Figure 14).  The 10 most 
abundant algal genera in small order streams are present and are common in both fast 
flowing and slow flowing streams. Significant differences in the algal community 
structure by flow are not perceived at this level. 
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Level III.  Algal Community Structure Related to the Environmental Variables 
Canonical correspondence analysis biplot representatives of genera scores and 
important environmental correlation vectors at lakes and reservoirs of Mississippi 
(Mississipi Clean Lakes 1990 dataset) (Howell & Pessoney 1992) are displayed in 
Figures 15-16.  Canonical correspondence analysis was also applied to a long-term 
presence/absence data set (1998-2005) to identify predictors that best accounted for the 
variance in algal genera assemblages for all sites located in small order streams of South 
Mississippi (Figures 17-19).  
 
Figure 15.  CCA biplot representatives of genera scores and important environmental 
correlation vectors at lakes and reservoirs in Mississippi.  Abbreviations are as follows: 
RL = Recreational lakes at the Pascagoula River Basin, RE = Water supply reservoirs, 
OL = Oxbow lakes, DB = Dams at the Tombigbee River.  The most abundant algal genera 
found in lakes of Mississippi are plotted in relation to axis 1 and axis 2. 
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Results from CCA ordination diagram of phytoplankton genera and 
environmental variables in lakes and reservoirs (Figure 15) show that dissolved oxygen 
and temperature are correlated with Axis 1 whereas conductivity and pH are correlated 
with Axis 2.  The eigenvalues for the first three axes are as follows:  CC1: 0.304, CC2: 
0.187, and CC3: 0.137 (Monte Carlo permutation tests, p = 0.002).  Pediastrum, Ulothrix, 
Tribonema, and Navicula are correlated with higher dissolved oxygen concentrations and 
lower temperatures (right side of Axis 1) whereas Polycystis, Spirulina, Anabaena, and 
Pandorina are related to higher temperatures and lower dissolved oxygen concentrations 
(left side of Axis 2).  Gleocapsa, Oscillatoria, Anabaena, and Gomphonema are located 
in the top part of Axis 2, where the higher pH and conductivities are recorded whereas 
Ulothrix, Tribonema, Pandorina and Stichococcus locate in the lower part of axis 2, 
correlating with lower ph and lower conductivity. 
Algal community assemblages in lakes and reservoirs of Mississippi are different 
in summer and fall (Figure 16).  Dissolved oxygen and temperature are correlated with 
the Axis 1 whereas conductivity and pH are correlated with Axis 2.  The eigenvalues are 
0.304 for CC1, 0.187 for CC2, and 0.137 for CC3 (Monte Carlo permutation tests, p = 
0.002).  Polycystis, Spirulina, Anabaena, and Pandorina relate to summer samples while 
Pediastrum, Ulothrix, Tribonema, and Navicula are prevalent in fall collections. 
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Figure 16.  Canonical Correspondence Analysis biplot representatives of genera scores 
and important environmental correlation vectors at lakes and reservoirs in  Mississippi by 
season.  The most abundant algal genera found in lakes of Mississippi are plotted in 
relation to axis 1 and axis 2. 
 
Results from CCA ordination diagram of phytoplankton genera and 
environmental variables in small order streams (Figure 17) show that pH, alkalinity, and 
temperature were correlated with Axis 1 whereas temperature and dissolved oxygen were 
correlated with Axis 2.  The eigenvalues are 0.083 for CC1, 0.038 for CC2, and 0.035 for 
CC3 (Monte Carlo permutation tests, p = 0.01).  Nitzschia, Navicula, Closterium, and 
Ankistrodesmus are located in the left side of the plot where sites with higher pH and 
alkalinity are found in the creeks.  The Rhodophyte Batrachospermus and the diatoms 
 53 
Nitzschia, Eunotia, and Tabellaria are situated in the upper end of Axis 2 correlated to 
higher concentrations of dissolved oxygen whereas Spirogyra, Mougeotia, Phacus, and 
Phormidium are located in the lower part of Axis 2. 
 
 
Figure 17.  CCA biplot representatives of genera scores and important environmental 
correlation vectors at small order streams in South Mississippi by season.  The most 
abundant algal genera found in small order streams are plotted in relation to axis 1 and 
axis 2. 
 
Differences in the algal community structure between the streams draining Leaf 
River, Pascagoula River, and Black Creek are observed in the biplot (Figure 18).  
Eigenvalues are 0.083 for CC1, 0.038 for CC2, and 0.035 for CC3 (Monte Carlo 
permutation tests, p = 0.01).  Pinnularia, Scenedesmus, Tabellaria, and Zygnema are 
located in the right side of the plot in which the sites with lower pH and alkalinity are 
 54 
logged.  Spirogyra, Mougeotia, Phacus, and Phormidium are more common in the CCA 
plot in the lower section of Axis 2 which is related to sites with higher temperature. 
 
 
 
Figure 18.  CCA biplot representatives of genera scores and important environmental 
correlation vectors at small streams in South Mississippi by drainage basin.  The most 
abundant algal genera found in small order streams are plotted in relation to axis 1 and 
axis 2. 
  
 
Differences in the algal community structure between slow flowing streams and 
fast flowing streams are observed in the biplot (Figure 19).  Eigenvalues are 0.083 for 
CC1, 0.038 for CC2, and 0.035 for CC3 (Monte Carlo permutation tests, p = 0.01).  
There are no clear relations between algal community structure and environmental 
variables at the flow type level. 
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Figure 19.  CCA biplot representatives of genera scores and important environmental 
correlation vectors at small streams in South Mississippi by flow.  The most abundant 
algal genera found in small order streams are plotted in relation to axis 1 and axis 2. 
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CHAPTER IV 
 
DISCUSSION 
Level I.  Characterization of Algae by Habitat 
1.  Algae in Small Order Streams 
Phytoplankton of small order streams at Camp Shelby and Camp McCain were 
characterized by having low abundance and high genera richness.  The primary source of 
nutrients in the streams comes from runoff, falling insects, or falling vegetation.  
Constant flow diminishes the amount of accessible nutrients by local communities 
(Miltner & Rankin 1998).  Slow currents and areas of stagnant water conditions during 
dry seasons favored the development of phytoplankton causing occasional blooms such 
as those observed in Harverson Mill Creek in June 2000 and Middle Creek in 2009.  
Algae in the water column included both planktonic genera and also benthic organisms 
washed up from the streambed.  
Algae density found in these headwater streams is much lower than densities 
recorded in other running waters of South Mississippi such as the Black Creek (1,000 to 
2,500 org/l and the Leaf River (3,000 to 6,000 org/l) (Pessoney et al. 2010).  Creeks 
draining Camp Shelby are low in nutrients and very shaded.  Other creeks studied in the 
region such as the Tallahala Creek are wider and enriched with nutrients from organic 
matter, sewage oxidation ponds, and city wastes. 
Phytoplankton densities in small order streams in Mississippi were similar to 
those recorded by Sharma et al. (2007) in the River Chandrabhaga, a small creek tributary 
of the River Alaknanda in India.  The authors found densities around 75.8 org/l during a 
monsoon month and a maximum phytoplankton density of 1,009 org/l in the winter.  A 
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total of 31 genera of phytoplankton belonging to the Chlorophyta, Cyanobacteria, and 
Chrysophyta were identified in the River Chandrabhaga.  Similar to small order streams 
in Mississippi in the present study, diatoms were the dominant taxa of the phytoplankton 
in number of organisms per liter (Sharma et al. 2007). 
Small order streams in Mississippi had similar algal community structure to the 
one found in the Uruguay River and its tributaries (O’Farrell 1994).  The fluvial system 
of the latter study is characterized by having a comparatively lower nutrient load, small 
suspended matter load, and high transparency.  Both the small order streams in 
Mississippi (present study) and the Uruguay River system in Argentina and Uruguay 
(O’Farrell 1994) support a high species richness and a high occurrence of desmids 
(Chlorophyta, Desmidiaceae) and pennate diatoms.  Rojo et al. (1994) found that diatoms 
comprise the majority of species numbers in the phytoplankton of 67 temperate and 
tropical rivers of the world.  However, they share a lower fraction of the species diversity 
in tropical rivers in which desmids play an important role too.  Diatoms appear to be the 
best adapted group enduring the highly unstable riverine environment (Sommer 1989).  
Rojo et al. (1994) also established that the average species richness of 50 
temperate and tropical rivers worldwide amounts to 126 with roughly one half of the 
species being recorded only once.  Algal richness in small order streams in Camp Shelby 
and Camp McCain of the present study was much higher; it reached 115 genera including 
an undetermined number of species.  Thirty percent of the algal genera found in small 
order streams were considered to be sporadic. 
2.  Algae in Large Streams and Rivers 
Cyanobacteria were the most abundant genera immediately below waste effluence 
entrance in the Tallahala Creek and Leaf River (Sullivan 1970; Jordan 1976).  
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Nevertheless, their numbers were quickly reduced at points located 10 miles or farther 
from the point of effluent entrance.  Dissolved oxygen concentrations were over 4 mg/l.  
However, these concentrations dropped under 3.0 mg/l during July and September in 
stations located downstream from the wastewater facilities.  Oxygen was depleted due to 
elevated oxygen demands by Cyanobacteria, organic waste material, and other bacteria in 
combination with the effects of low flow, higher temperature, and minimal dilution.  
Phosphate and nitrogen concentrations in the large streams were much higher than 
those found in small order streams (Table 10).  The city of Laurel and the Masonite 
Corporation were the greatest contributed of phosphorus and nitrogen to the Tallahala 
River.  Phosphate ranged between 0.008 mg/l and 0.88 mg/l increasing markedly below 
points of effluent entrance by the Masonite and the city sewage oxidation plants.  
Ammonia concentrations varied from 0.61 to 25.7 mg/l.  Concentration of nitrogen and 
phosphorus gradually decreased below stations with effluent entrance as the stream dilute 
the discharges.  Increases in total mass of algae and the increase of Cyanobacteria 
corresponded closely with the increase in phosphate ands nitrogen concentrations.  As the 
concentration of nutrients decreased downstream, other algal groups were more 
conspicuous.  Similar numbers were found by Soballe & Kimmel (1987) when analyzing 
published data sets from the National Stream Quality Accounting Network (NASQUAN).  
The authors recorded mean values of 1.24 ± 0.08 mg/l of total nitrogen and 0.153 ± 0.016 
mg/l for 126 sites located in streams and rivers throughout the United States. 
Below effluent entrance, the phytoplankton was represented basically by 
Cyanobacteria, including Oscillatoria and Microcystis.  In the cleaner portions of the 
streams, the diversity changed to mainly diatoms, including Fragilaria, Navicula, and 
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Pinnularia.  Concentration of phytoplankton was below 5,000 org/l unless the algal 
community comprised a Cyanobacteria bloom.    
Although overall phytoplankton biomass (Rojo et al. 1994) and algal densities are 
lower in large streams and rivers than lakes and reservoirs, there are some factors that 
tend to promote algal growth in rivers and streams (Wehr & Sheath 2003).  That is, high 
turbulence reduces sinking losses, improves nutrient uptake, and enhances light exposure 
of suspended algae (Soballe & Threlkeld 1985).  Nutrient concentrations also tend to be 
higher because rivers are more closely related to terrestrial nutrients sources.  In addition, 
reduced water depths counterbalance potential problems due to light limitation caused by 
higher turbidities in running water systems, and algae that are present in streams and 
rivers may also benefit from the low number of large herbivorous zooplankton (Soballe 
& Kimmel 1987).   On the other hand, limitation in algal growth in streams and rivers 
may be substantial due to insufficient residence times in fast running systems (Engelhardt 
et al. 2004). 
3.  Algae in Lakes 
Phytoplankton play a vital role in lake ecology since they are source of food and 
energy for fish and other organisms in the environment.  However, as lakes become 
nutrient-enriched due to pressure of intense anthropogenic activities, high algal 
production can be detrimental for the system (Mischke 2003).  The main concern is the 
occurrence of cyanobacterial blooms due to the ability of many Cyanobacteria to produce 
toxins (de Figuiredo et al. 2006).   Furthermore, such bloom can cause water quality 
reduction, which can lead to negative ecological and public health implications (Codd 
2000).  Algae densities observed in Mississippi lakes (2,400 to 2.2 x 10
5
 org/l) were 
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moderate, did not include any algal blooms, and never constituted a potential risk for the 
system. 
The Carlson’s Trophic State Index (Carlson 1977), an index useful for comparing 
lakes within a region and for assessing changes in trophic status over time, was high for 
all lakes in Mississippi indicating the lakes were eutrophic (USEPA 1988).  However, 
although the lakes were considered eutrophic by national comparisons, they remained 
productive and problems caused by excessive nutrients, high turbidities or low dissolved 
oxygen were not recorded.  
Plankton numbers were low and diversity of algae was high.  Chlorophyta were 
abundant and dominant during the summer.  Cyanobacteria were low or absent during the 
fall and winter sampling period in most lakes.  In eutrophic lakes in other regions, 
Cyanobacteria genera play a major role in algal numbers during the warmer months of 
the year.  In Vela Lake, a shallow eutrophic lake in Portugal, Cyanobacteria are the 
dominant algae from spring to autumn. Blooms of Aphanizomenon flos-aquae and 
Microcystis aureginosa were frequent (de Figueiredo et al. 2006) 
 Water quality is a function of the soil type and surrounding land use, size, and 
management practices associated with each lake.  Thermoclines and oxygen deficient 
waters were distinctive in the deeper lakes during the summer sampling.  The lakes, 
however, were not stratified during the winter sampling.  Nutrients, especially 
phosphorus, were high in all lakes (Table 10).   
Surface dissolved oxygen varied from 4.8 mg/l to 10 mg/l in all the lakes.  
Considerably higher oxygen concentrations were found during the winter months.  
However, during summer sampling, dissolved oxygen was strongly stratified in all the 
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reservoirs and oxbow lakes.  Oxygen went to 0 mg/l at between 6 and 8 m and remained 
0 to the bottom.  
4.  Algae in Fish Production Ponds 
In nature, complex ecological systems maintain a balance among water, fishes, 
algae, and other aquatic organisms in which there are not explosive shift of populations 
by one group that may be detrimental to others in the community.  In fish ponds, 
fertilization with fish food, organic and inorganic fertilizers, and fish feces produce an 
eutrophic environment which favor the growth of algae (Brunson et al. 1994).  High 
concentrations of phosphate and nitrate favor the increase in algal growth.  Phytoplankton 
efficiently uptake and assimilate the nitrogenous waste products in the water.  However, 
under some conditions they can grow in such high numbers that they may be detrimental 
to the total fish production since they compete with the fish for oxygen during the night, 
occasionally causing oxygen depletion in the system and suffocation, stress, or death to 
the fish (Paerl & Tucker 2007).   
Although fishes and other aquatic organisms can feed on algae, phytoplankton 
blooms can be responsible for consuming most of the oxygen produced in the system or 
for producing toxins that may affect fish health.  Increased productivity in a limited space 
makes the ponds susceptible to acute oxygen depletion and increases the likelihood of 
off-flavor compounds in the system (Schrader et al. 2005).   In commercial catfish ponds 
at the Mississippi Delta in which algal densities were over 2 x 10
6
 org/l most of the time, 
problems with off-flavor compounds were frequently observed.  Cyanobacteria produced 
substances such as geosmin and methylisobomeal or other off-flavor compounds 
(Pessoney et al. 1988). 
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Dissolved oxygen varied from 1 mg/l to 15 mg/l in catfish ponds in the 
Mississippi Delta (Table 10).  When temperatures exceeded 15ºC, generally from April 
through October, dense blooms of Cyanobacteria occurred and caused oxygen depletion 
in the ponds during the night but also once the blooms died off.  Decomposition of the 
dead cells by bacteria rapidly depleted the dissolved oxygen in the water.  High 
supersaturation in the afternoon was the best indication that respiration would result in 
oxygen depletion.  Dissolved oxygen was also affected by fish stocking and feeding rate.  
If the feed was not eaten, it contributed directed to the biological oxygen demand (BOD) 
and caused low dissolved oxygen.  Even if the feed was all eaten, fecal waste provided 
additional BOD to the system.  However, even though oxygen depletion, below 2 mg/l, 
happened often, few massive fish kills were recorded. 
The phytoplankton community during a bloom comprised a large number of 
organisms per liter, high biomass, and a low diversity of genera.  The algae usually 
present in blooms were Oscillatoria, Microcystis, Spirulina, Aphanizomenon, and 
Anabaena.  Oscillatoria and Microcystis composed 95% of all blooms.  These genera 
have been commonly associated with water blooms in catfish ponds (Tucker & Lloyd 
1984; Smith 1988; Hariyadi et al. 1994; Schrader & Dennis 2005; Schrader et al. 2005).  
The Chlorophyta Pediastrum, Scenedesmus, and the diatom Melosira were also present 
during the blooms, but in very small numbers (less than 1% of the total algal density). 
Algal densities in ponds at the Delta Branch Experiment Station were consistently 
lower than those from commercial catfish ponds.  They had higher algae richness but 
significantly fewer algae, chlorophyll a, and Cyanobacteria.  Other taxa were more 
frequently encountered.  The ponds were lightly stocked with fish and consequently 
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lightly fed.  However, experimental ponds always had more algae than those in fish 
hatcheries. 
Fish hatcheries support high fish stocking rates, but the stocking and feeding rates 
are not as intensive as in commercial production ponds.  No significant correlations were 
found between ammonia, nitrate or phosphate concentration and phytoplankton densities 
in the ponds.  Fish hatcheries are different in water quality than the surrounding 
unmanaged ponds.  The pH, weed control, liming, and conductivity are all controlled and 
the algal flora may be quit different than in other ponds in the area.   The majority of the 
phytoplankton found at the hatcheries consisted of Chlorophyta with diatoms usually as 
co-dominant algae.  There were blooms of several taxa, but they never reached 
concentrations above 2 x 10
6
 org/l.  Mischke & Zimba (2004) stressed the importance of 
knowing how different fish hatchery systems are from traditional fish production ponds.  
Application of inorganic fertilizers in old nursery ponds is suggested to produce the 
growth and establishment of beneficial phytoplankton and zooplankton communities.  
Newly constructed ponds have different water quality conditions and will require higher 
fertilizer rates to achieve the same response. 
Algae densities in catfish ponds with recirculating water and wetland filters were 
elevated.  The modified closed system appeared to be a good alternative approach to 
intense culture.  Flow through semi-natural marshes allowed the marsh grass to tie up the 
nutrients and filter the fish metabolites before recirculating the water back to the culture 
ponds.  The amount of nutrients in the water increased the phytoplankton density.  The 
wetland filters reduced appreciable amounts of nutrients (25-70% of ammonia and 
phosphates) from the old production pond.  Total phytoplankton and suspended solids 
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concentrations also dropped (40% and 38% respectively) when the water passed through 
the biofilters.  Aquatic macrophytes that grew in the filters and became established and 
dominant in the system such as Eichornia crassippes and Panicus hemitomum were 
effective in removing suspended solids, ammonia, and other nutrients from the water.  
This fact has been extensively reported for other aquatic environments (McDonald & 
Wolverton 1980; Jayaweera & Kasturiarachchi 2004; Kutty et al. 2008). 
Algae concentrations observed in the production ponds with recirculating water 
were significantly less than those recorded from commercial catfish ponds without such 
filters in other areas of the state.  In addition, high richness of genera was observed even 
when phytoplankton exceeded 1 x 10
6
 org/l.  Algae on the sediment serve as a reservoir 
and probably provide the new filaments that replenish the water column of the pond.  
Recirculating systems, with a biofilter as the most prominent characteristic, have been 
tested and evaluated favorably for use in freshwater and marine aquaculture.  The 
purpose is to reduce the amount of water use and discharge from aquaculture operations 
(Malone & Beecher 2000; Sandu et al. 2002; Gutierrez-Wing & Malone 2006; Jarboe & 
Grant 2007). 
5.   Algae in Brackish Water  
Bay of St. Louis, residential canals in the Jourdan River, and Breton Sound 
Estuary had different ranges of salinity throughout the year.  Bay of St. Louis had the 
widest one and varied from 0.1 to 20.6 ppt whereas the residential canals fluctuated 
between 6.8 and 14.6 ppt and Breton Sound Estuary between 12 and 25 ppt.  However, 
the phytoplankton community in each habitat included the presence of genera typical of 
both freshwater and marine environments.  The three systems exhibited clean conditions 
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and similar ranges in algal densities.  The only exception to this pattern occurred in June 
1976 when a bloom of an unidentified unicellular Chlorella-like Chlorophyta genus took 
place in one of the canals, and density numbers were an order of magnitude higher (3.7 x 
10
5
 org/l).    
Nutrient concentration and algal densities in Bay of St. Louis, Breton Sound 
Estuary and other habitats in the Gulf of Mexico are much lower than those found in 
eutrophic estuaries of the Atlantic region the United States (Holtermann 2001).   Many of 
such estuarine ecosystems have suffered a rapid increase in urban, agricultural, and 
industrial development in their watersheds (Boesch et al. 2001).  Eutrophication in the 
estuaries receiving continuous anthropogenic nutrients loads have caused increases in 
nuisance algal blooms, hypoxia and anoxia, finfish and shellfish kills, altered nutrient 
cycling and overall declines in the ecological condition of the estuary (Paerl et al. 2006, 
Shen et al. 2008).  Coastal areas of Mississippi are still not subjected to these types of 
problems. 
The algal community in Bay of St. Louis was dominated by diatoms in the present 
study.  Numbers were high in the summer (13,000 org/l) and dropped during the fall and 
winter (1,000 org/l) presumably because of decreasing salinities.  Low salinity during the 
winter combined with heavy flow from the rivers entering the bay, introduces a number 
of freshwater Chlorophyta that are not regular components of the marine phytoplankton.  
Their introduction increased the overall algae richness during the winter months. 
The algal community composition in Bay of St. Louis was determined by 
Holtermann (2001) 25 years later based on quantifications of phytoplankton pigments 
using high-performance liquid chromatography HPLC and multivariate analysis. 
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Characteristics of the phytoplankton were similar to those in 1973.  The HPLC analysis 
revealed diatoms, Cyanobacteria, and Chlorophytes dominating chlorophyll a biomass 
during the summer season while primarily diatoms dominated during the winter season.  
In addition, a temporal difference in phytoplankton composition was found with 
temperature, salinity, and river flow being the controlling factors regulating the 
phytoplankton dynamic in the system.  Brogueira et al. (2007) found that temperature, 
salinity, silicate, and total phosphorus were the variables that explained the 
phytoplankton spatial pattern in the Tagus estuary in Portugal whereas salinity, silicate, 
and phosphate were the factors controlling its phytoplankton abundance.  In a long-term 
study (1978-1993) of the Bahia Blanca estuary in Argentina temperature was found to be 
the major source of temporal variability in the phytoplankton (Gayoso 1998).  The 
nutrient levels in all studies, including the present one, appear to be consistent with the 
requirements of diatoms, the dominant phytoplankton group in estuaries.  
Algal richness in Bay of St. Louis (86 genera of which 65 are diatoms) looks 
similar to that of Dharamtar Creek, a major healthy estuary system located next to 
Bombay harbor in India (Tiwari & Nair 1998).  The authors recorded a total of 58 genera 
of phytoplankton comprising 46 diatoms, six dinoflagellates, and six other algae. As it 
happened in Bay of St. Louis, Dharamtar Creek was rich in phytoplankton and supported 
a diverse algal community.  A four year investigation (1999-2002) of the phytoplankton 
and water quality at Daya Bay in China (Wang et al. 2006) also showed the diatoms to be 
the most numerous algae in the estuary (about 70% of the 164 species identified in the 
Bay) followed by dinoflagelates (about 20%).  As happened in Bay of St. Louis, the most 
common diatoms were Chaetoceros, Nitzschia, Rhizosolenia, and Skeletonema.  Algal 
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densities were also in similar range: the mean abundance of phytoplankton in Daya Bay 
ranged from 359 to 20,300 org/l.  Multivariate analysis showed that temperature, 
dissolved oxygen, ammonia, and nitrate played an important role in determining the 
density of phytoplankton in Daya Bay.  Temperature is considered one of the most 
important factors in determining phytoplankton abundance because of its action on 
maximum algal growth rates (Tilman et al. 1982; van der Heide et al. 2006). 
Residential canals are constructed in the coastal zone where they connect man-
made canal systems with natural bodies of water.  Circulation in the canals is dominated 
by tidal action.  The algae community in residential canals comprises genera typical of 
estuarine systems.  Algae from marine or freshwater are found depending on the flux of 
freshwater inputs and marine tides.  The biochemical oxygen demand remains low and 
pH is essentially neutral. 
6.   Algae in Marine Water 
 Diatoms were the most common algae of marine waters in Mississippi.  
Collections from Horn Island included 35 species in 18 genera whereas 58 of 64 algal 
genera obtained in the northeastern Gulf of Mexico belong to this group.  According to 
Alves-de-Souza et al. (2008) phytoplankton in marine waters is dominated by diatoms 
and dinoflagellates.  Diatoms tend to dominate periods of mixing and high nutrient 
concentrations while dinoflagellates succeed under oligotrophic and stratified conditions.  
Phytoplankton in oligotrophic regions of the ocean may also be dominated by 
Cyanobacteria (Lee 1995; Zubkov et al. 2007).  The largest concentrations of diatoms 
offshore the coast were found in areas of the sampling sites receiving freshwater 
introduced either by currents or rivers. 
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In Horn Island the most abundant species of the algal community were 
Skelotetonema costatus, Asterionella japonica, Thalassionema nitzshioides, Nitzschia 
seriata, and Thalassiothrix deliculata.  Phytoplankton collections taken more than two 
decades later in the same area (Moncreiff et al. 1992) presented a high degree of 
similarity.  The genera Chaetoceros, Rhizosolenia, Thalassiosira, Coscinodiscus, 
Hemiaulus, Guinardia, and Letocylindrus were the most abundant in 1989. 
Increases in the total diatom population appear to be related to increases in 
salinity and concentration of dissolved oxygen at the Horn Island station.  Water 
transparency is negatively correlated to diatom abundance.  Sediments beneath and 
adjacent to seagrasses present in shallow coastal water hold an assorted community of 
small pennate diatoms, which comprise a highly productive ephiphytic assemblage.  
Diatoms may contribute appreciably to both primary production and autotrophic biomass.  
Extensive beds of the seagrass Halodule wrightii are present in the shallow waters of the 
side of Horn Island facing the Mississippi Sound.  The standing crop of algal epiphytes in 
these beds can exceed that of the seagrass blades (Moncreiff et al. 1992). 
Comparisons of the offshore samples in the Gulf of Mexico showed the most 
conspicuous and numerous algae to be the cyanobacterium Trichodesmium erythraeum.  
It was found in greater concentrations than the combined total of all other planktonic 
forms and was present in all stations in the east and west Mississippi River Delta.  
Trichodesmium erythraeum was found in surface but and in deep offshore waters (65-
90m); however, concentrations near shore were lower than those offshore.  
Trichodesmium is a marine cyanobacterium found worldwide in tropical and subtropical 
oceans with low nutrient levels (Negri et al. 2004) including the Gulf of Mexico (Holl et 
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al. 2007; Brown et al. 2008).  Ecologically Trichodesmium is very important since it is 
estimated this genus contributes over 40% of all nitrogen fixation that occurs in the ocean 
(Karl et al. 2002). 
Algal Densities in Aquatic Habitats of Mississippi and Bloom Conditions 
Densities fluctuate between 40 org/l in some marine habitats during winter to 6.3 
x 10
7
 org/l in catfish production fish ponds during the summer.  While the range varies in 
small proportion in some aquatic habitats, in other the minimum and maximum algal 
concentrations differ by several orders of magnitude. What causes this situation?  An 
algal taxa has reached “bloom” conditions. 
 Traditionally, a bloom has been considered to be a rapid increase in the 
population of algae in an aquatic system that can affect water quality adversely and is 
often due to an influx of nutrients.  It can also be caused by changes in the environment 
that trigger certain algae to increase their growth rate, leading to exponential growth of 
algal concentrations. 
Blooms can kill other aquatic organisms by decreasing sunlight accessibility to 
the water and by using all available oxygen.  They can also be toxic or not toxic.  When 
toxic, they are called harmful algal blooms (HABs).  Blooms are accredited to natural 
processes such as circulation, upwelling relaxation, and river flow, and anthropogenic 
loadings leading to eutrophication (Sellner et al. 2003, Lansberg et al. 2005).  Harmful 
algal blooms are lethal as a result of their biotoxins, physical damage, anoxia, light 
reduction, and nutritional unsuitability (Smayda 1997).  Quality issues with blooms of the 
haptophyte Prymnesium parvus in freshwater has increased in frequency and intensity in 
recent years (Grover et al. 2010).  
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In the Gulf of Mexico harmful algal bloom of the dinoflagellate Karenia brevis 
are a recurrent problem (Stumpf et al. 2003).  Karenia brevis produces brevetoxin, the 
neurotoxin responsible for amnesic shellfish poisoning.  Shelfish are often not visibly 
affected by the algae, but accumulate the toxin in their organs.  The toxin may be 
transmitted to humans through consumption of contaminated seafood, which becomes a 
serious health threat (Plakas et al. 2002).  Environmental impacts also include massive 
fish kills, marine mammal mortalities, and impacts on benthic communities including 
coral community die-offs (Trainer & Baden 1999; Pierce & Henry 2008).  Since nearly 
annual occurrences on the Florida southwest coast has been reported, continuous 
monitoring has taken place in the last decade. 
Algae blooms have been observed in different water habitats of Mississippi and 
can have aesthetic and human impacts.  In catfish ponds the constant addition of nutrients 
by the heavy feeding of the fish, the large amount of waste products, and the stagnant 
conditions of the ponds create favorable conditions for different types of Cyanobacteria 
to grow rapidly and form blooms during the warmer months.  They are a major source of 
oxygen during the day.  However, at night they can consume most of the oxygen 
produced.  Algal blooms are characterized for having high algal densities and low 
diversity.  On many occasions blooms are formed by more than one genus.  One genus of 
Cyanobacteria often replaces another (Crayton 1993).  However, more than 90% of the 
algae is made of the same genus.  Taxa in other divisions can also occasionally reach 
bloom conditions in ponds, lakes, sewage lagoons, and slow flowing or stagnant streams.  
In water supplies, algal blooms can cause taste and odor problems in the water.  In lakes, 
continuous algal blooms can reduce the recreational and economical value of the place. 
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In freshwater systems, an algal bloom does not refer to a specific concentration of 
algae.  The term bloom has a connotation of rapid proliferation, not just abundance.  Due 
to different sizes, structure, biovolume, and biomass of the algae, a “bloom” is not made 
by the same number of org/l.  Although a bloom of the Cyanobacteria Microcystis or 
Aphanizomenon may be made of 2 x 10
6
 org/l to 1 x 10
8
 org/l, a large alga such as the 
Chlorophyte Volvox or the Euglenophyte Euglena could reach bloom conditions at 
densities of 5,000 org/l.  
When referring to an algal bloom, the term has to be defined in terms of the 
organism.  For the purpose of characterizing algal bloom in aquatic environments of 
Mississippi, it is proposed to distingh the following alert levels: colonial or filamentous 
Cyanobacteria, blooms conditions at concentration of 1 x 10
6
 org/l; single celled-
Cyanobacteria, blooms at concentrations of 1 x 10
8
 org/l; large Chlorophyta and 
Chrysophyta: 50,000 org/l. 
Level II.  Algal Community Composition of Aquatic Habitats in Mississippi 
The cluster analysis based on algal genera presence shows distinct grouping of 
habitats (Figure 7).  The upper side of the dendrogram includes all the freshwater habitats 
whereas the bottom part presents all the brackish and marine water habitats.  In 
freshwater systems Chlorophyta supply a great part of the algal diversity whereas in 
marine water the diatoms contribute with most of the algal richness. 
Small order streams in Camp Shelby (SmCrSh) and small streams in Camp 
McCain (SmCRMC) present similar conditions with respect to algal richness.  Both 
habitats are characterized by having a very diverse algal community with many 
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Chlorophyta and diatoms that are common and recurrent members of the algal 
community for both systems.  
Another strong cluster is formed by the fish hatcheries at Lyman (FisHatLy) and 
Hattiesburg (FisHatOJ).   Phytoplankton in the ponds of the hatcheries include a high 
number of Chlorophyta genera from winter through summer and the presence and 
dominance of similar Cyanobacteria genera during early fall.  The 1972 sampling 
monitoring in Tallahala Creek and the Leaf River (TalCr72) is in the same subset that the 
fish hatchery ponds due to the presence of Cyanobacteria blooms downstream of the 
industrial waste effluents entrance in both rivers in addition to high Chlorophyta richness. 
Recreational lakes (RecrLake), reservoirs (Reservoi), dams at the Tombigbee 
River (Dams), and oxbow lakes (OxbowLak) constitute a cluster in the center of the 
dendrogram.  They are characterized for having a diverse and similar algal composition 
with numerous representatives of the three major groups, Chlorophyta, Chrysophyta and 
Cyanobacteria during summer and fall samples. 
The phytoplankton from residential canals (BaSLRC75 & BaSLRC77) have their 
own subgroup because of their specific rich algal community whose members are 
resistant to large variations of the physical and chemical conditions.  Benthic algae in the 
residential canals of the estuary (BaSLRCBe), production ponds (FisPoBen), and the 
intertidal zone of the Gulf Coast (GufCoInt) also have an algal community adapted to the 
soil conditions and are different in structure. 
The phytoplankton communities from marine experimental ponds (MarExpPo) 
and Breton Sound Estuary (BretEstu) make a weak subgroup in the lower part of the 
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dendrogram.  Both communities include small sets of diatoms that are present in 
combination with several Cyanobacteria representatives and very few Chlorophyta. 
Finally, a very close cluster in the bottom of the dendrogram comprises the 
phytoplakton communities present in Bay of St. Louis (BaSLPhy) and the Mississippi 
Sound (MarGuCo).  They are characterized by having a large diatom biomass and 
richness in addition to brackish taxa that are present during periods of decreased salinity. 
In the Non-Metric Multidimensional Scaling ordination plot of habitats by algae 
presence (Figure 8) subset 1 is made by low order streams and rivers which share a 
diverse algal community made mainly of Chlorophyta and diatoms.  Subset 2 includes all 
fish ponds and is located in the plot right in the top of subset 1; subset 3, lakes and 
reservoirs, occupies the central right area of the plot.  Brackish water habitats spread out 
in the middle and left side of the plot whereas the marine habitats group together in the 
top right area of the ordination space.  Axis 1 appears to be linked to gradients of salinity 
while Axis 2 is related to Chlorophyta and diatom composition.  While algal communities 
in habitats in the top part of the plot are constituted mainly by a wide variety of diatoms, 
those communities that are plotted in the low part of the plot have a more diverse algal 
community with a high number of Chlorophyta and diatom genera. 
1.  Algal Community Composition in Fish Ponds by Season 
Sites from the summer sampling are aggregated in the left top side of the plot 
whereas the sites from winter sampling are located in the right area of the graphic (Figure 
9).  Algal communities for the samples from spring and fall sampling distribute wider in 
the plot and overlap in some degree with the summer and winter samples.  Axis 1 is 
associated with a gradient of temperature and Cyanobacteria richness; higher scores are 
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located at the left, whereas Axis 2 is correlated to overall algal densities.  The plot of the 
genera scores on the ordination diagram indicates the relationship between Cyanobacteria 
genera such as Oscillatoria, Anabaena, Coelosphaerium, Microcystis and Spirulina and 
the summer conditions in the ponds.   
Phytoplankton communities in catfish ponds were composed of a large number of 
organisms per liter throughout the year.  Values of 2 x 10
6
 org/l or above were found 
during the warmer months.  The algal community was dominated by Cyanobacteria 
representatives and composed of a limited number of genera other than those producing 
the blooms during the summer.  The occurrence of one Cyanobacteria genus bloom 
succeeding other without taxa of other divisions being abundant was very common.  
During the winter, the algal community was composed of a broader set of genera from 
different algal divisions and overall had a lower algal density.  In the plot these genera 
concentrate in the central right side of the graph.   The most common, Navicula, 
Fragilaria, Pediastrum, Closterium, and Ankistrodesmus show a tendency to be 
associated with lower temperatures during the winter and spring sampling periods. 
2.  Algal Community Composition in Mississippi Lakes by Season 
Axis 1 is associated to numbers of Chlorophyta genera whereas Axis 2 is 
associated to relative proportion of Cyanobacteria (Figure 10).  Oxbow lakes presented 
algal communities with a relatively large proportion of Cyanobacteria representatives 
(Table 5) and a smaller Chlorophyta richness than the other types of lakes during the 
summer samples.  That explains their location in the ordination plot separated from the 
algal communities from dams at the Tombigbee River system, which had a smaller 
proportion of Cyanobacteria but a larger representation of Chlorophyta genera.  Algal 
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communities of some recreational lakes in the Pascagoula River had similar 
characteristics to those in oxbow lakes, some others look more like those communities 
present in dams at the Tombigbee River, and there are others different from both types.  
Therefore, when placing in the NMS ordination space, they spread throughout the plot. 
The ordination plot for algal communities in the lakes by season (Figure 11) 
clearly show that algal communities composition in the lakes during the summer period 
are different from those algal communities found during the fall and winter.  Algal genera 
richness was higher during the summer.  Many algal genera that were found in the 
summer sampling were not observed during the fall.  Cyanobacteria genera dominate the 
summer samples whereas Chlorophyta and diatoms representatives are more conspicuous 
during the colder months.  Axis 1 is associated with temperature whereas Axis 2 is 
associated with algal density. 
3.  Algal Community Composition in Small Streams at Camp Shelby by Season 
 Fall and winter sites tend to spread throughout the two-dimensional plot (Figure 
12).  Spring and summer sites concentrate in the central part of the biplot.  Although all 
the algal community ellipses overlap each other, it appears that for small order streams, 
the algal community composition is larger during the colder months than the warmer 
months.  There is no any variable clearly associated with Axis 1 or Axis 2. 
Algal communities in sites draining to Leaf River occupy similar region of 
ordination space as the sites draining Black Creek (Figure 13) whereas algal communities 
in sites draining the Pascagoula River occupy a narrower space and lean to the central left 
part of the ordination space.  Significant differences in the algal community structure by 
drainage are not perceived at this level.  No variable is associated with Axis 1 or Axis 2. 
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Algal communities in fast flowing streams are separated in similar fashion from 
those of the slow flowing streams in the ordination space (Figure 14).  However, algal 
communities from slow flowing streams appear to occupy a wider distribution in the two-
dimensional plot.  Slow flowing conditions allow more types of algae to remain in the 
phytoplankton community. 
Many communities with different taxonomic groups respond to deterministic 
models and show drastic shifts in population abundance or species diversity in response 
to small variation in critical parameters.  Therefore, when drawing them in an ordination 
plot, they will be clearly separated from one another.  On the other hand, algae of small 
order streams do not reveal clear variation in community composition in the Non-Metric 
Multidimensional Scaling ordination plot.  Algal communities will spread through the 
entire plot and overlap their structures.  The community appears to follow a stochastic 
model.  Different algal genera appear in the phytoplankton independently of the variance 
of the principal environmental factors.  In addition, the ordination works with presence 
absence data.  Determining the density per each genus would improve the output of the 
ordination analysis. 
Level III.  Algal Community Structure Related to the Environmental Variables 
The canonical correspondence analysis ordination diagram of genera 
phytoplankton and environmental variables in lakes (Figure 15) shows that dissolved 
oxygen (-0.92) and temperature (0.83) are strongly correlated to the first axis.  The 
second axis is correlated to conductivity (0.90) and pH (0.79).  The first ordination axis 
accounted for 10.2% of the variance of the genera data, whereas the second axis 
accounted for 6.3% of this variance.  An accumulated 21% of the variance in the algal 
community structure is explained by environmental variables in the first three axes.  The 
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entire ordination accounted for more variation than expected by chance (Monte Carlo 
permutation tests, p = 0.002), indicating a significant relationship between community 
composition and the environmental variables. 
Two main gradients were apparent from the CCA biplot representatives of genera 
scores and important environmental correlation vectors at lakes and reservoirs in 
Mississippi.  One separated algal assemblages based on temperature and dissolved 
oxygen.  The other major gradient includes conductivity and pH.  Algal communities in 
oxbow lakes fell in the centroid of higher pH and higher conductivity.  The algal 
communities in dams of the Tombigbee River system are more correlated to higher 
dissolved oxygen in the water.  Algal communities in water supply reservoirs are 
associated with low pH and low conductivity whereas those from small recreational lakes 
are widespread in the lower center of the CCA biplot spectrum. 
The algal community composition in the lakes of Mississippi is controlled by 
temperature, dissolved oxygen, pH, and conductivity.  Similar results were found by de 
Figueiredo et al. (2006) in Vela Lake, a temperate lake in Portugal.  Canonical 
correspondence analysis found conductivity, temperature, total suspended solids, and 
phosphorus to be the explanatory variables on the phytoplanktonic assemblages dynamic 
in the lake.  According to CCA analysis, the phytoplankton periodicity in Lake 
Zaglebocze, a deep mesotrophic lake in Polonia, was controlled by changes in 
temperature and transparency.   Successional changes of Cyanobacteria and 
dinoflagellates were driven by nitrogen and phosphorus concentration (Solis 2005). 
Algal community assemblages from the summer in lakes and reservoirs of 
Mississippi are significantly different from those present in the fall months (Figure 16).  
Algal community assemblages are significantly influenced by a combination of 
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temperature, oxygen, pH, and conductivity.   Abundance and presence of Cyanobacteria 
genera such as Polycystis, Spirulina, Anabaena are driven by temperature.  When it 
increases, they are more conspicuous in the algal community.  On the other hand when 
the temperature falls under 20ºC and the dissolved oxygen increases, Chlorophytes such 
as Pediastrum and Ulothrix and diatoms like Tribonema, and Navicula are more frequent 
and numerous in the phytoplankton community.  Increases in conductivity and pH favor 
the presence of algal genera such as Gleocapsa, Oscillatoria, Anabaena, and 
Gomphonema. 
The canonical correspondence analysis ordination diagram of genera 
phytoplankton and environmental variables in small order streams of Mississippi (Figure 
17) shows that pH (-0.747), alkalinity (-0.583) and temperature (0.509) were correlated to 
Axis 1 while temperature (-0.785) and dissolved oxygen (0.554) were the variables most 
correlated with Axis 2.  Axis 1 accounted for 1.6% of the variance of the genera data, 
whereas Axis 2 accounted for 0.8% of this variance.  An accumulated 3.1% of the 
variance in the algal community structure is explained by environmental variables in the 
first three axes. 
The variance in algal community structure explained by the environmental 
variables in the first three axes appears low; however, this is caused in part because of the 
large size of the dataset (number of sites and number of algal genera) used to calculate 
the scores.  In the graph it is fairly clear there are substantial differences in the algal 
community structure relative to the time scale.  Algal communities present in small order 
streams during the winter and summer are different. 
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 Algal communities of streams draining the Leaf River are found in the left side of 
the plot near the centroid of the pH and alkalinity position gradients, showing a tendency 
to be associated with higher pH and higher alkalinities than those from algal communities 
located in streams draining the Pascagoula River (Figure 18).  On the other hand, algal 
communities in streams draining the Pascagoula River are associated with higher 
dissolved oxygen than those draining the Leaf River.   Algal communities in streams 
draining Black Creek are widespread through the CCA biplot.  
The algal community composition and structure in fast flowing small streams of 
Camp Shelby fast flowing do not appear to be clearly different from those in slow 
flowing streams.  However, communities in fast running streams appear to be associated 
with higher pH and higher alkalinity whereas algal communities from slow flowing 
streams are located in the spatial area of the CCA associated with lower pH and lower 
conductivity.    
The structure of the algal community present in the six aquatic habitats will 
depend on the specific environmental and biological conditions that control the 
phytoplankton dynamic both temporally and spatially. Some algal taxa have high light, 
high temperature, high nutrient requirements whereas others are adapted to live with low 
light, low temperature, or low nutrient conditions.  Some groups are more adapted to live 
in human-induced habitat alterations; others grow faster in more pristine environmental 
conditions.  Although salinity and temperature are major players delineating algal 
concentrations and genera richness in brackish and marine systems, temperature, oxygen, 
phosphates and pH are more important in fresh water habitats.  
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CHAPTER V 
SUMMARY AND CONCLUSIONS 
Each of six principal aquatic habitats of Mississippi has been evaluated in this 
work.  They include small order streams, large streams and rivers, lakes and reservoirs, 
fish production ponds, brackish water, and marine water.  Numbers of algae, algal 
richness, and the environmental variables that affect their presence in the water has been 
investigated.  The findings are the following: 
Fish production ponds were the habitat with the highest algal density.  The 
increased nutrient load via fish feed and fish excrement is quickly assimilated by algae.  
High nutrients content in the water, intense management practices, shallow systems, and 
high temperatures allowed the establishment of high algae populations throughout the 
year. 
The habitats with the second largest algal density were the lakes and reservoirs.  
Due to agricultural activities around the impoundments, fertilization practices, and 
management, the recreational lakes, oxbow lakes, and reservoirs supported dense algal 
flora during the summer and fall.  Brackish water in estuaries represented the habitat third 
in algal density.  Salinity, temperature, nutrients affected and controlled the algal 
densities in the system.  Marine water was fourth in algal density.  It sustained a moderate 
algal population made almost exclusively of diatoms.   
Larger streams and rivers are fifth in number of algae.  They are wider than 
headwater streams.  Larger stream are enriched with nutrients from organic matter, 
sewage oxidation ponds, and city wastes, permitting higher algal abundances through the 
year in areas with sewage entrance due to increases in phosphates and nitrogen.   
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When compared to other habitats, small streams have the fewest number of algae; 
however, they have the largest number of taxa.  Seasonal variations in the phytoplankton 
density in small stream are related to changes in water temperature and phosphate 
concentrations. 
A diverse algal flora is present in aquatic habitats of Mississippi.  A total of 219 
algal genera from six major divisions have been recorded in the region.  Cyanobacteria 
are the dominant taxa in fish production ponds especially during the warmer months 
often reaching bloom conditions.  They are common in brackish waters with low salinity, 
lakes and reservoirs late in the summer and in rivers after sewage entrance.  They are a 
minor component of the phytoplankton in small streams. 
Chlorophyta is the dominant and more diverse taxa in the phytoplankton of lakes 
and reservoirs, small and large streams.  They occur frequently but in low numbers in fish 
production ponds and brackish water.  Chrysophyta, especially diatoms, are the 
predominant group in marine and brackish waters. They are also the most recurrent 
division in small streams and are common in samples in lakes and reservoir late in the 
fall.  Pyrrophyta are common in marine water but are a minor component of the 
phytoplankton in brackish water, lakes and reservoirs, and small streams.  Other algal 
taxa are present but are minor components of the algal community in both freshwater and 
marine habitats. 
Algal blooms of Cyanobacteria occur in fish production ponds in the Delta, 
Purvis, and the hatchery ponds.  Nutrients levels in some ponds are sufficient to support 
dense algae blooms throughout the year.  Blooms in the Delta produce off-flavor 
compounds in the system in several occasions.  Cyanobacteria blooms are occasionally 
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present downstream from a sewage oxidation pond entrance in the Tallahala Creek and in 
marine water of the Gulf of Mexico.  When present, they are responsible for reducing the 
dissolved oxygen produced in the system.  Chlorophyta blooms composed of several 
genera are found in a catfish hatchery and residential canals in the Jourdan River with no 
major effect to the water quality or the algal community.  
Phytoplankton density in small order streams and rivers is influenced by 
temperature, alkalinity, and conductivity.  Dissolved oxygen, temperature, and 
phytoplankton density influence genera richness. 
Temperature, dissolved oxygen, pH, and conductivity are the environmental 
variables with the highest correlation with the phytoplankton assemblage in lakes and 
reservoirs of Mississippi. 
Nutrients input and temperature have the greatest influence on controlling 
phytoplankton abundance in managed and production ponds.  Temperature, salinity, 
dissolved oxygen, and turbidity are the most important factors controlling phytoplankton 
periodicity and distribution in estuarine and marine water. 
Multivariate statistical analyses on a long-term data set of small order streams 
showed that temperature and oxygen along with pH and alkalinity are significantly 
influencing the algal community structure and composition.  Streams exhibit a high 
degree of similarity and comprise a homogeneous environmental system.  Similar taxa 
tend to appear in the phytoplankton throughout the year independent of changes in water 
conditions.  It appears that only when a drastic alteration in an environmental variable 
occurs, does the algal community respond to the change. 
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APPENDIX A 
 
BRIEF DESCRIPTIONS OF SITES AND METHODOLOGY FOR DATA 
USED TO CHARACTERIZE DENSITY (NUMBER OF ORGANISMS PER LITER) 
AND RICHNESS OF ALGAE (NUMBER OF GENERA) 
IN AQUATIC HABITATS OF MISSISSIPPI 
 
Camp Shelby, MS 
Information about 24 sites located in head water streams draining the military 
facility was collected seasonally since 1998.  The parameters included in the water 
quality monitoring are: temperature, pH, conductivity, dissolved oxygen, biological 
oxygen demand (BOD), phytoplankton, turbidity, total alkalinity, total hardness, 
ammonia-N, nitrate-N, orthophosphate, potassium, total suspended solids, total solids, 
iron, and fecal coliforms (Pessoney et al. 2000, 2001, 2003, 2005, 2006, 2007).  Twenty-
six sampling points in 24 streams and 17 environmental variables were evaluated 
between November 1998 and October 2000 by Hernandez-Torres (2002).  
Camp McCain, MS 
Four creeks containing eight stations were sampled twice yearly since 1998.  
Monitoring included 13 environmental variables (Pessoney et al. 2000, 2001, 2003, 2005, 
2006, 2007). 
Tallahala Creek and Leaf River, MS 
The dataset included 10 sampling stations on the Tallahala Creek and the Leaf 
River. The stations were sampled from August 1969 to June 1970 (Sullivan 1970) and 
from March to September 1972 (Jordan 1976).  Phytoplankton biomass and biodiversity, 
temperature, pH, dissolved oxygen, ortho and total phosphate, nitrate, nitrite, ammonia, 
and total nitrogen were recorded for each site.  BOD was also determined on several 
occasions. 
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Lakes in five major drainages, MS 
 The dataset included summer and fall collections of phytoplankton in 20 lakes, 
reservoirs, oxbow lakes, and dams located throughout Mississippi. Samples were 
collected during 1991 under the Mississippi Clean Lakes Program.  The study included 
information on 11 environmental variables: dissolved oxygen, temperature, pH, 
conductivity, transparence, chlorophyll a, alkalinity, ammonia, total nitrogen, and total 
phosphorus (Howell & Pessoney 1992). 
Lyman and Hattiesburg, MS 
 The data include phytoplankton identified in several ponds at Lyman Hatchery 
and Ole Joe’s Catfish Hatchery between April 1971 and May 1972.  Temperature, 
hardness, pH, dissolved oxygen, total phosphate, orthophosphate, ammonium, nitrate, and 
nitrite were analyzed (Fleming 1973). 
Mississippi Delta, MS 
 Information included phytoplankton numbers and biomass calculated in seven 
commercial catfish ponds located north of Yazoo City between June 1980 and June 1981 
(Watkins 1983).  Data from several other intensive cultured ponds in the Delta region 
were also included.  Off-flavor in the fish and algal inhibition were determined as well 
(Pessoney et al. 1984, 1888). 
Purvis, MS 
 Data comprised planktonic and benthic algae collected in catfish ponds with 
wetlands filters and recirculating water. Algae were studied between August 1990 and 
July 1991.  Temperature, dissolved oxygen, pH, alkalinity, hardness, conductivity, 
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ammonia, nitrite, nitrate, chemical oxygen demand (COD), phosphates, and total solids 
were recorded (Anzola 1991). 
Northeastern Gulf of Mexico, MS 
 Data included surface plankton samples collected from three cruises east and west 
of the mouth of the Mississippi river.  Samples were taken in November 1973, 1974, and 
1975.  Salinity, temperature, pressure, and water samples were taken (Housley 1976). 
Horn Island, MS 
 Monthly collections of plankton were made off Horn Island from January 1965 to 
March 1966.  Salinity, temperature, dissolved oxygen and water transparency were 
recorded (Felder 1975). 
Experimental ponds (MS) 
 The dataset included information on algae present in a four-pond tidal simulation 
system with marsh plants bordering at the National Science and Technology Laboratory 
(Johnson 1977). 
Hopedale, LA 
 The phytoplankton community of Breton Sound Estuary was sampled between 
July 2005 and September 2006.  Salinity, temperature, pH, turbidity, dry weight, and 
flow were measured (Burris 2007). 
Bay of St. Louis, MS 
 Concentration, species diversity, and identification of the phytoplankton were 
studied.  Four stations were monitored from July 1971 to September 1972 and turbidity, 
salinity, temperature, dissolved oxygen, pH, and depth were recorded (Pessoney & 
Grantham 1973; Housley 1976).    
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 Plankton and benthic organisms were collected in nine sites at residential canals 
in the area of Bay of St. Louis. Samples were taken from July 1976 to October 1977.  
Temperature, salinity, and dissolved oxygen were recorded (Pessoney & Grimes 1977). 
Jourdan River (MS) 
 Data included 22 sampling stations established in Jourdan River, Watts and 
Edward Bayous and residential canals.  Phytoplankton, zooplankton, benthic 
invertebrates were determined for each station one to four times during the sampling 
period.  Temperature, transparency, biological oxygen demand, salinity, conductivity, 
dissolved oxygen, and pH were recorded (Paulson & Pessoney 1975). 
Mississippi Gulf Coast Benthic Algae 
 Distribution and identity of algae in the intertidal zone of the Gulf Coast were 
studied seasonally at 11 sites.  Chlorophyll a and grain size were measured in the 
sediment (Grimes 1982).   
 
        APPENDIX B
ALGAE PRESENT IN AQUATIC HABITATS OF MISSISSIPPI
Table B1
Algae Genera Present in Aquatic Habitats of Mississippi
Small Creeks Small Creeks Tallahala Cr Tallahala Cr Recreational Reservoirs Oxbow lakes Dams at Catfish Fish Fish catfish catfish
Camp Shelby Camp McCain Left River Left River Lakes Tombigbee ponds hatchery hatchery ponds pond
1970 1972 River Ms Delta Lyman Ole Joe's Purvis benthic
CHLOROPHYTA
Actinastrum X X X X X X X X X
Ankistrodesmus X X X X X X X X X X X X
Aphanochaete X X
Arthrodesmus X
Asterococcus X
Bambusina X X X
Bulbochaete X X
Carteria X
Chlamydomonas X X X X X X X X X X X X X
Chlorella X X X X X X
Chlorococcum X X X X X X X
Chlorogonium X
Cladophora X
Closteriopsis X X X X X X X
Closteridium X X X
Closterium X X X X X X X X X
Coelastrum X X X X X
Coleochaete X X
Cosmarium X X X X X X X X X X X X
Crucigenia X
Cylindrocapsa X X
Cylindrocystis X
Desmatractum X
Desmidium X X X X X X X X
Dictyosphaerium X X X X X X
Dimorphococcus X X X
Docidium X
Eremosphaera X X
Errella X
Euastrum X X X X
Eudorina X X X X X X X X X X X
Gloeocystis X
Golenkinia X X X X X
Gonatozygon X X
Gonium X X X X X
Groenbladia X X
Haematoccocus X X
Hormidium X X X X
Hyalotheca X X
Kirchneriella X X X X 8
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Table B1 (continued).
Small Creeks Small Creeks Tallahala Cr Tallahala Cr Recreational Reservoirs Oxbow lakes Dams at Catfish Fish Fish catfish catfish
Camp Shelby Camp McCain Left River Left River Lakes Tombigbee ponds hatchery hatchery ponds pond
1970 1972 River Ms Delta Lyman Ole Joe's Purvis benthic
Lobomonas X
Mesotaenium X X
Micractinium X
Micrasterias X X X X X X X X
Microspora X X X
Microthamnion X
Mougeotia X X X X X X
Netrium X X X X X X
Oedogonium X X X X
Onychonema X
Oocystis X X X X
Pachycladon X X X
Palmella X
Palmodictyon X
Pandorina X X X X X X X X X X
Pediastrum X X X X X X X X X X X X
Penium X X
Phaester X X
Phymatodocis X X
Pithophora X X
Platydorina X X X X X
Pleodorina X X X X
Pleurotaenium X X X X
Protococcus X X
Protosiphon X
Pteromonas X X
Pyrobotrys X
Radiococcus X
Rhizoclonium X X
Scenedesmus X X X X X X X X X X X X X
Selenastrum X X X X X X X X
Sorastrum X X X
Sphaerocystis X
Sphaerozosma X X
Spinoclosterium X
Spirogyra X X X X X X X
Spirotaenia X
Spondylosium X X
Staurastrum X X X X X X X X X
Stichococcus X X X X
Stigeoclonium X X X X
Tetmemorus X X
Tetraedron X X X
Tetraspora X X
Trentepohlia X
Triploceras X
Ulothrix X X X X X X X X X X X
Volvox X X X X X X X X
Volvulina X X
Xanthidium X X X X X
Zygnema X X X X X X X X
CHRYSOPHYTA
Achnanthes X X
8
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Table B1 (continued).
Small Creeks Small Creeks Tallahala Cr Tallahala Cr Recreational Reservoirs Oxbow lakes Dams at Catfish Fish Fish catfish catfish
Camp Shelby Camp McCain Left River Left River Lakes Tombigbee ponds hatchery hatchery ponds pond
1970 1972 River Ms Delta Lyman Ole Joe's Purvis benthic
Actinella X X
Actinocyclus X
Actinoptychus
Amphipleura
Amphiprora X
Amphora X X
Arachnochloris X
Asterionella X X X X X X X X
Auliscus
Bacillaria
Bacteriastrum
Biddulphia X
Cerataulina
Chaetoceros
Chrysococcus X
Chrysosphaerella X
Climacodium
Cocconeis X
Corethron
Coscinodiscus
Coscinosira
Cyclotella X X
Cylindricotheca
Cymbella X X X X X
Diatoma X X X
Dimerogramma
Dinobryon X X X X X X X X X X
Diploneis X X
Ditylum
Epithemia X
Eucampia
Eunofagramma
Eunotia X X X
Eunotogramma
Fragilaria X X X X X X X X X
Frustulia X X X
Gomphonema X X
Gomphoneis X
Grammatophora
Guinardia
Gyrosigma X X X
Haslea
Hemialus
Hemidiscus
Hydrosera X
Lauderia
Leptocylindrus
Lithodesmium
Mallomonas X X X X X X X X X
Mastogloia X
Melosira X X X X X X X X X X
Meridion X X
Navicula X X X X X X X X X X X X
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Table B1 (continued).
Small Creeks Small Creeks Tallahala Cr Tallahala Cr Recreational Reservoirs Oxbow lakes Dams at Catfish Fish Fish catfish catfish
Camp Shelby Camp McCain Left River Left River Lakes Tombigbee ponds hatchery hatchery ponds pond
1970 1972 River Ms Delta Lyman Ole Joe's Purvis benthic
Neidium X X X
Nitzschia X X X X X
Ochromonas X X
Odontella
Opephora X
Pinnularia X X X X X X X X X
Plagiogramma
Pleurosigma
Pseudo-nitzchia
Pseudoeunotia
Rhaponeis
Rhizosolenia X X
Rhopalodia X
Skelotonema
Stauroneis X X
Stephanopyxis
Striatella
Surirella X X X X X X
Synedra X X X X X X X X X X
Synura X X X X X X X X X
Tabellaria X X X X X X X X X X
Thalassionema
Thallassiosira
Thalassiothrix
Trachyspenia
Tribonema X X X X X X X X X
Tropidoneis
Uroglena X
Vaucheria X
CYANOBACTERIA
Anabaena X X X X X X X X X X X X X
Agmenellum X
Anacystis X X X X X
Aphanizomenon X X X
Aphanocapsa X X
Calothrix X
Chroococcus X X X X X X
Coelosphaerium X X X X
Comphosphaeria X
Cylindrospermum X
Dactylococcopsis X
Eucapsis X X X
Fremyella X X
Gloeotrichia X
Gloeocapsa X X X X X X X
Gloeothece X X X
Gomphosphaeria X X X
Lyngbia X X X
Merismopedia X X X X X X X X X X X
Microcoleus X
Microcystis X X X X X X X X X X X
Nostoc X X X X 9
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Table B1 (continued).
Small Creeks Small Creeks Tallahala Cr Tallahala Cr Recreational Reservoirs Oxbow lakes Dams at Catfish Fish Fish catfish catfish
Camp Shelby Camp McCain Left River Left River Lakes Tombigbee ponds hatchery hatchery ponds pond
1970 1972 River Ms Delta Lyman Ole Joe's Purvis benthic
Oscillatoria X X X X X X X X X X X X X
Phormidium X X X X
Raphidiopsis X X
Rivularia X
Schizothrix X
Scytonema X
Spirulina X X X X X
Stigonema X
Tolypothrix
Trichodesmium
EUGLENOPHYTA
Astasia X
Entosiphon X
Euglena X X X X X X X X X X X X
Lepocinclis X
Phacus X X X X X X X X X X X
Trachelomonas X X X X X X X X
PYRROPHYTA
Ceratium X X X X X X X
Gymnodinium
Gonyaulax
Noctiluca
Peridinium X X X X X X X X X
RHODOPHYTA
Batrachospermum X
Rhodochorton X
9
1
Table B1 (continued).
Horn Island Marine Gulf Coast Bay St Louis Bay of St. Louis Bay of St. Louis Bay of St. Louis Breton Intertidal
Experim. Residential Residential Resid channels Sound algae
Pond channels channels benthic Estuary Gulf Coast
1975 1977 1976-1977
CHLOROPHYTA
Actinastrum X
Ankistrodesmus X
Aphanochaete
Arthrodesmus
Asterococcus
Bambusina
Bulbochaete
Carteria
Chlamydomonas X X X
Chlorella X
Chlorococcum
Chlorogonium
Cladophora X X
Closteriopsis
Closteridium X
Closterium X
Coelastrum
Coleochaete
Cosmarium X X X X
Crucigenia X X
Cylindrocapsa
Cylindrocystis
Desmatractum
Desmidium
Dictyosphaerium
Dimorphococcus
Docidium
Eresmophaera
Errella
Euastrum
Eudorina X X
Gloeocystis
Golenkinia
Gonatozygon
Gonium
Groenbladia
Haematoccocus
Hormidium X
Hyalotheca
Kirchneriella
Lobomonas
Mesotaenium
Micractinium X
Micrasterias
Microspora
Microthamnion
Mougeotia X
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Table B1 (continued).
Horn Island Marine Gulf Coast Bay St Louis Bay of St. Louis Bay of St. Louis Bay of St. Louis Breton Intertidal
Experim. Residential Residential Resid channels Sound algae
Pond channels channels benthic Estuary Gulf Coast
1975 1977 1976-1977
Netrium X
Oedogonium X
Onychonema
Oocystis
Pachycladon
Palmella
Palmodictyon
Pandorina X
Pediastrum X X X
Penium
Phaester
Phymatodocis
Pithophora
Platydorina
Pleodorina
Pleurotaenium
Protococcus
Protosiphon
Pteromonas
Pyrobotrys
Radiococcus
Rhizoclonium
Scenedesmus X X X X
Selenastrum X X
Sorastrum
Sphaerocystis
Sphaerozosma
Spinoclosterium
Spirogyra X
Spirotaenia
Spondylosium X
Staurastrum X X X
Stichococcus
Stigeoclonium X
Tetmemorus
Tetraedron
Tetraspora
Trentepohlia
Triploceras
Ulothrix
Volvox
Volvulina
Xanthidium
Zygnema
CHRYSOPHYTA
Achnanthes X X X X
Actinella
Actinocyclus
Actinoptychus X X X
Amphipleura X X
Amphiprora X X X X X X X
Amphora X X X X X
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Table B1 (continued).
Horn Island Marine Gulf Coast Bay St Louis Bay of St. Louis Bay of St. Louis Bay of St. Louis Breton Intertidal
Experim. Residential Residential Resid channels Sound algae
Pond channels channels benthic Estuary Gulf Coast
1975 1977 1976-1977
Arachnochloris
Asterionella X X X X X X
Auliscus X X
Bacillaria X
Bacteriastrum X X X X X
Biddulphia X X X X
Cerataulina X X
Chaetoceros X X X X X
Chrysococcus
Chrysosphaerella
Climacodium X X
Cocconeis X X X
Corethron X X X
Coscinodiscus X X X X X X
Coscinosira X X X
Cyclotella X X X
Cylindricotheca X
Cymbella X X X X
Diatoma X X
Dimerogramma X X
Dinobryon X X
Diploneis X X X X X
Ditylum X X X X
Epithemia
Eucampia X X
Eunofagramma X X
Eunotia X X X
Eunotogramma X X
Fragilaria X X
Frustulia
Gomphonema X
Gomphoneis
Grammatophora X X
Guinardia X X X X
Gyrosigma X X X X X X X
Haslea X
Hemialus X X X X
Hemidiscus X X
Hydrosera
Lauderia X X X
Leptocylindrus X X
Lithodesmium X X X
Mallomonas X X X
Mastogloia X X X
Melosira X X X X X X
Meridion X X
Navicula X X X X X X X X X
Neidium X X X
Nitzschia X X X X X X X X X
Ochromonas
Odontella X
Opephora 9
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Table B1 (continued).
Horn Island Marine Gulf Coast Bay St Louis Bay of St. Louis Bay of St. Louis Bay of St. Louis Breton Intertidal
Experim. Residential Residential Resid channels Sound algae
Pond channels channels benthic Estuary Gulf Coast
1975 1977 1976-1977
Pinnularia X X X X X X
Plagiogramma X X X
Pleurosigma X X X X X X
Pseudo-nitzchia X
Pseudorunotia X X
Rhaponeis X X
Rhizosolenia X X X X X X
Rhopalodia X
Skelotonema X X X X X
Stauroneis X X
Stephanopyxis X
Striatella X X
Surirella X X X X X X X
Synedra X X X X X
Synura X X
Tabellaria X X X X X X
Thalassionema X X X X
Thallassiosira X X X X
Thalassiothrix X X X X
Trachyspenia X X
Tribonema X
Tropidoneis X X
Uroglena
Vaucheria
CYANOBACTERIA
Anabaena X X X X X
Agmenellum X
Anacystis X X
Aphanizomenon X
Aphanocapsa
Calothrix X
Chroococcus X
Coelosphaerium
Comphosphaeria
Cylindrospermum
Dactyococcopsis
Eucapsis
Fremyella
Gleotrichia
Gloeocapsa X
Gloeothece
Gomphosphaeria X X
Lyngbia X X X
Merismopedia X X
Microcoleus X
Microcystis X X X
Nostoc X X
Oscillatoria X X X X X
Phormidium X
Raphidiopsis
Rivularia
Schizothrix 9
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Table B1 (continued).
Horn Island Marine Gulf Coast Bay St Louis Bay of St. Louis Bay of St. Louis Bay of St. Louis Breton Intertidal
Experim. Residential Residential Resid channels Sound algae
Pond channels channels benthic Estuary Gulf Coast
1975 1977 1976-1977
Scytonema
Spirulina X X
Stigonema
Tolypothrix X
Trichodesmium X X X
EUGLENOPHYTA
Astasia
Entosiphon
Euglena X X
Lepocinclis
Phacus X
Trachelomonas
PYRROPHYTA
Ceratium X X X X X X
Gymnodinium X X
Gonyaulax X X X
Noctiluca X X
Peridinium X X X X X
RHODOPHYTA
Batrachospermum
Rhodochorton
9
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APPENDIX C
WATER VARIABLES MEASUREMENTS FOR SMALL ORDER STREAMS AT CAMP SHELBY 1998-2005  
Table C1
Water Variables Measurements for Small Order Streams at Camp Shelby 1998-2005
Site Creek # Year Season month Drainage BOD FecalCol Turbidity Alkalinity Hardness Ammonia Nitrate Orthoph TotalSolids pH Temperature Cond Oxygen Phytopl
Jacobs 1 1998 4 11 Leaf 0 693 8.08 8 8 0.05 0.02 0.01 15 6.4 17.6 8.1 6 79
Weldy 2 1998 4 11 Leaf 0.7 893 7.55 11.4 17 0.06 0.01 0.18 10 6.6 18.1 57 8.8 79
Caraway 3 1998 4 11 Leaf 0.3 208 3.67 4.2 7 0.04 0.02 0.01 15 6.6 17.8 17.5 7 79
Denham 4 1998 4 11 Leaf 0.18 2992 22.8 4.2 2 0.07 0.04 0 40 4.5 18.8 19.7 6.4 158
Milky 6 1998 4 11 Leaf 0 372 2.05 4.8 9 0.09 0.01 0.01 57.5 6.6 17.7 32.6 6.6 473
Coleman 7 1998 4 11 Leaf 0 107 13.52 4.8 9 0.11 0.02 0.01 60 6.4 18 57.6 6.2 79
Weldy2 10 1998 4 11 Leaf 0 395 6.65 7.6 3 0.06 0.03 0.01 45 6.9 17 23 7.2 79
Whiskey 12 1998 4 11 Pascagoula 0 165 4.98 3.2 2 0.05 0.02 0.01 20 5.8 18.2 15.8 7.86 79
Deep 15 1998 4 11 Black 0.18 80 3.19 2.2 1 0.04 0.05 0.01 15 5.8 17.4 14.8 6.1 158
Hickory 17 1998 4 11 Black 0.42 212 4.61 3.2 3 0.07 0.03 0.01 32.5 6.5 19 21.6 5.4 473
Cypress 18 1998 4 11 Black 0.06 352 2.38 3 5 0.06 0.02 0.01 45 6.1 17.8 16.9 7 79
Pierce 21 1998 4 11 Black 0.3 577 6.97 2.2 7 0.07 0.02 0.01 37.5 6.2 16.8 22.5 7.2 79
Middle 23 1998 4 11 Black 0 1127 5.73 3 7 0.08 0.02 0.01 22.5 5.9 17.1 6.6 6.4 237
Poplar 26 1998 4 11 Black 0 408 6.51 2.8 5 0.09 0.01 0 45 6.4 16.8 23.6 6 158
Davis 27 1998 4 11 Black 0 500 7.35 4.2 8 0.08 0.01 0.01 45 5.9 16.8 32.5 6.4 79
Morris 28 1998 4 11 Black 0.54 375 14.52 12 18 0.11 0 0.01 55 6.2 15 43.6 5.8 315
Jacobs 1 1999 1 3 Leaf 0.12 80 12.66 3.6 7 0.04 0.03 0.02 22.5 6.8 10.6 19.7 7.2 79
Weldy 2 1999 1 3 Leaf 0.3 3380 14.01 10.2 14 0.08 0.18 0.13 55 6.8 10.9 53.8 4.6 315
Caraway 3 1999 1 3 Leaf 0.3 78 8.13 2.8 7 0.05 0.04 0.01 27.5 6.7 10.5 23.3 8.8 79
Denham 4 1999 1 3 Leaf 0 8 6.81 1.4 7 0.05 0.03 0.01 15 5.8 10.5 21.2 7.9 237
Milky 6 1999 1 3 Leaf 0 50 7.64 6.4 10 0.04 0.02 0.02 45 6.9 14.4 37.1 6.4 79
Coleman 7 1999 1 3 Leaf 0.06 35 8.24 9.2 13 0.06 0.03 0.01 47.5 6.2 15.4 34.2 5.9 79
Weldy2 10 1999 1 3 Leaf 0.12 212 4.78 5.4 8 0.15 0.01 0.03 25 6.1 13.1 27.7 5.9 79
Whiskey 12 1999 1 3 Pascagoula 0 10 3.69 1 5 0.04 0.02 0.01 15 5.7 12.9 17.8 6.6 158
Deep 15 1999 1 3 Black 0 12 1.29 1.4 4 0.03 0.06 0.03 10 5.8 13.6 13 6.6 237
Hickory 17 1999 1 3 Black 0.06 12 7.1 1.2 7 0.07 0.03 0.01 22.5 7.5 10.9 25 5.4 79
Cypress 18 1999 1 2 Black 0.3 50 5.26 1 8 0.13 0.02 0.02 27.5 4.8 18 19.1 5.8 79
Pierce 21 1999 1 2 Black 0.18 63 8.38 2.2 7 0.07 0.03 0.01 27.5 5.6 18.2 15 6.8 79
Middle 23 1999 1 2 Black 0.18 177 8.52 2.4 6 0.05 0.03 0.02 17.5 5.1 18.8 18.4 4.6 473
Poplar 26 1999 1 2 Black 0.42 17 9.64 3.6 10 0.07 0.02 0.01 20 5.8 18.4 26 5.4 79
Davis 27 1999 1 2 Black 0.36 5 8.82 5.6 9 0.07 0.02 0.01 35 5.8 17.8 33.5 3.2 79
Morris 28 1999 1 2 Black 0.36 35 9.57 11 16 0.07 0.01 0.01 40 6.1 17.8 19.5 2.6 79
Jacobs 1 1999 2 6 Leaf 0.06 23 5.61 7 27 0.04 0.06 0 30 6.8 23.4 23.3 8.4 79
Weldy 2 1999 2 6 Leaf 0.24 72 4.32 22 22 0.04 0.8 0.48 32.5 7.3 21.7 105.7 5.8 158
Caraway 3 1999 2 6 Leaf 0 35 3.08 4.6 7 0.03 0.03 0.01 15 6.7 19.4 14.3 5.9 315
Denham 4 1999 2 6 Leaf 0 43 4.21 3.4 9 0.06 0.01 0.01 17.5 5.7 21.2 18.9 5.2 158
Milky 6 1999 2 6 Leaf 0.3 35 17.32 9.4 12 0.01 0.01 0.01 57.5 6.6 23 32.8 4 158
Coleman 7 1999 2 6 Leaf 1.12 55 16.3 10.2 14 0.12 0 0.01 57.5 6.2 22 34.2 3.8 237
Weldy2 10 1999 2 6 Leaf 0 5 8.66 6.6 16 0.08 0.01 0.03 35 6.4 23 24.2 5 237
Whiskey 12 1999 2 6 Pascagoula 0 37 6.43 1.8 15 0.04 0.01 0.01 10 5.1 22.2 13.9 5.8 79
Deep 15 1999 2 6 Black 0.06 32 1.54 2 10 0.03 0.05 0.01 10 5.7 21.7 15.3 5.8 315
Hickory 17 1999 2 6 Black 0.36 150 6.45 3.4 7 0.1 0.03 0.01 27.5 7 23.8 20.6 5.2 79
Cypress 18 1999 2 6 Black 0.3 305 2.78 3.2 8 0.07 0.01 0.01 27.5 5.8 24 18.4 8.2 1025
Pierce 21 1999 2 6 Black 0.06 28 3.42 5.4 8 0.05 0.01 0.02 17.5 6.4 24 16.6 8.4 315 9
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Table C1 (continued).
Site Creek # Year Season month Drainage BOD FecalCol Turbidity Alkalinity Hardness Ammonia Nitrate Orthoph TotalSolids pH Temperature Cond Oxygen Phytopl
Middle 23 1999 2 6 Black 0.3 150 6.36 2.4 13 0.14 0 0.02 15 5.3 22.9 28.2 2.8 79
Poplar 26 1999 2 6 Black 0.3 13 4.35 6.2 18 0.15 0.01 0.01 35 6 22.5 33.8 3.2 79
Davis 27 1999 2 6 Black 0.24 100 9.95 9.2 16 0.09 0.01 0.02 32.5 6.4 22.6 30.7 2 79
Morris 28 1999 2 6 Black 0.6 23 38.3 11.3 14 0.32 0.01 0.01 62.5 6.8 21.4 55.4 1 237
Jacobs 1 1999 3 9 Leaf 0.48 253 6.09 4.2 9 0.03 0.02 0.01 75 7.4 23.1 11.1 4 79
Weldy 2 1999 3 9 Leaf 0.78 403 6.86 28 21 0.02 0.56 0.56 77.5 7.4 23 68 8 237
Caraway 3 1999 3 9 Leaf 0.48 372 2.71 5 7 0.03 0.04 0.01 12.5 6.8 21.1 21 8 158
Denham 4 1999 3 9 Leaf 1.28 113 2.85 3.6 7 0.03 0.02 0.01 12.5 6.1 22.4 19.7 3.6 158
Milky 6 1999 3 9 Leaf 0.66 780 23.7 10.6 13 0.05 0.01 0.01 40 6.6 22.9 34.1 2.6 158
Coleman 7 1999 3 8 Leaf 1.02 77 9.96 13 13 0.07 0.01 0.01 50 6.8 26 49.1 4 158
Weldy2 10 1999 3 8 Leaf 0.18 280 7.52 7 16 0.04 0.02 0.01 32.5 6.8 23.5 19.8 6.3 237
Whiskey 12 1999 3 8 Pascagoula 0.3 47 4.97 1.6 7 0.03 0.01 0.01 10 5.7 22.5 16 7 79
Deep 15 1999 3 8 Black 0.12 83 0.95 1.8 4 0.02 0.05 0 7.5 6 22 13.4 8.6 158
Hickory 17 1999 3 8 Black 0.18 127 7.18 2.6 8 0.04 0.03 0.01 22.5 7 24.4 22.3 7.8 237
Cypress 18 1999 3 8 Black 0.18 432 3.66 1.8 6 0.1 0.01 0.01 15 5.8 25 19 6.8 394
Pierce 21 1999 3 8 Black 0.84 1063 31.5 4.8 9 0.09 0.13 0.01 62.5 6.2 24 21 6 79
Middle 23 1999 3 8 Black 1.32 3420 9.24 0.6 9 0.09 0.09 0.01 37.5 4.9 22.5 27.6 5.4 789
Poplar 26 1999 3 8 Black 2.5 5160 32.9 2.2 8 0.09 0.06 0.01 52.5 5.7 22.5 20 4.6 158
Davis 27 1999 3 8 Black 1.96 5400 18.52 4.2 11 0.17 0.23 0 75 4.6 22.5 44.5 5.2 158
Morris 28 1999 3 8 Black 2.48 5320 52.1 5.4 13 0.11 0.11 0.01 55 6.2 23 38.2 3.8 79
Jacobs 1 1999 4 11 Leaf 0.24 560 5.64 5.6 9 0.06 0.04 0.01 27.5 7.4 12 29.7 7.2 79
Weldy 2 1999 4 11 Leaf 0.42 93 3.31 26.2 21 0.06 0.32 0.21 65 7.4 12.3 75.3 6.2 237
Caraway 3 1999 4 11 Leaf 0.3 290 2.82 4.8 6 0.03 0.04 0.01 7.5 6.9 12.4 24.3 5.2 79
Denham 4 1999 4 11 Leaf 0.24 13 1.99 3 6 0.07 0.03 0 10 6.1 12.5 16.2 7.2 79
Milky 6 1999 4 11 Leaf 0.9 272 17.86 9.4 10 0.04 0.04 0 35 6.4 10.8 33.9 8 79
Coleman 7 1999 4 11 Leaf 0.78 620 23.9 13.4 11 0.06 0.03 0 60 6.3 12 25 6 79
Weldy2 10 1999 4 11 Leaf 0.54 195 6.62 7 7 0.05 0.04 0.01 10 6.6 11.2 18.1 7 79
Whiskey 12 1999 4 11 Pascagoula 0.06 2 3.93 2.2 5 0.1 0.02 0 15 5.4 16.5 19.2 7.4 79
Deep 15 1999 4 11 Black 0 103 1.44 1.6 5 0.03 0.03 0 10 5.6 17 12.9 6.8 158
Hickory 17 1999 4 11 Black 0.6 3 4.88 2.4 6 0.04 0.01 0 27.5 6.4 15.6 19.9 6.5 237
Cypress 18 1999 4 11 Black 0 75 1.98 2 6 0.07 0.04 0.01 30 5.7 13.2 19.9 8 79
Pierce 21 1999 4 11 Black 0.42 10 3.61 2.4 7 0.05 0.05 0.01 25 6.2 14.6 18.6 4 79
Middle 23 1999 4 11 Black 0.53 8 3.75 1 7 0.07 0.05 0.01 20 4.8 13.7 24.5 3.4 79
Poplar 26 1999 4 11 Black 0.6 155 9.8 2.2 6 0.03 0.05 0.01 15 6 12.4 16.8 4.2 79
Davis 27 1999 4 11 Black 0.66 38 4.71 5.2 8 0.03 0.03 0.01 10 6.1 13.5 33.2 3.8 79
Morris 28 1999 4 11 Black 0.96 70 13.27 8.4 12 0.11 0 0.01 40 5.9 12.3 24.5 2.5 158
Jacobs 1 2000 2 6 Leaf 0.12 17 12.73 9.2 9 0.07 0.06 0.01 42.5 7 24.2 34.7 7.4 394
Weldy 2 2000 2 6 Leaf 0.36 58 5.48 30.4 22 0.05 0.62 0.71 95 7.3 24.6 117.1 7.6 394
Caraway 3 2000 2 6 Leaf 0.18 22 2.81 3.8 5 0.03 0.07 0.01 17.5 7.1 21.6 22.1 7 79
Denham 4 2000 2 6 Leaf 0 25 3.44 3.2 6 0.13 0.04 0.01 20 6 24.3 22.3 6.4 158
Milky 6 2000 2 6 Leaf 0.24 117 19.13 13.2 14 0.12 0 0.01 57.5 6.6 23.8 48.2 5.6 79
Coleman 7 2000 2 6 Leaf 0.3 33 16.65 13.6 10 0.11 0.02 0.02 60 6.6 25.7 47.7 5 79
Weldy2 10 2000 2 6 Leaf 0 3 11.92 5.8 10 0.12 0 0.01 42.5 6.3 23.4 34 6.6 158
Whiskey 12 2000 2 6 Pascagoula 0 10 7.24 1 5 0.08 0.04 0 20 5.2 23.4 19.7 7.6 79
Deep 15 2000 2 6 Black 0.06 17 1.35 1.2 2 0.09 0.07 0 7.5 5.3 22.8 15.8 8.1 789
Hickory 17 2000 2 6 Black 0 25 8.86 4.2 8 0.07 0.02 0.01 27.5 6 25.5 25.7 8 158
Cypress 18 2000 2 6 Black 0.06 33 4.82 2 6 0.13 0.01 0 40 5 23.6 26.8 8.2 473
Pierce 21 2000 2 7 Black 0.06 0 5.85 5.6 7 0.05 0.03 0.01 27.5 6.4 25.7 33.4 7.4 79
Middle 23 2000 2 7 Black 0.06 0 4.99 3.4 10 0.14 0 0.01 50 5.6 24.4 36.3 4 79
Poplar 26 2000 2 7 Black 0.06 3 4.1 9 16 0.11 0.01 0.01 35 6.5 23 48.6 6 79
Davis 27 2000 2 7 Black 0.18 62 8.49 9.2 11 0.1 0.01 0.01 32.5 5.8 23.2 38.6 5.2 158
Morris 28 2000 2 7 Black 0.18 225 5.89 2.4 54 0.04 0.05 0.01 142.5 4.8 24.1 173.4 4 552
Jacobs 1 2000 3 8 Leaf 0.12 10 12.06 8.4 10 0.05 0.08 0.01 35 6.9 27.1 33.2 7 158
Weldy 2 2000 3 8 Leaf 0.24 83 23.4 20.4 22 0.05 0.67 0.17 90 6.9 25.5 91.4 7.1 237
Caraway 3 2000 3 8 Leaf 0.24 30 3.17 5.6 8 0.03 0.07 0.01 25 6.7 23.3 22.2 8.4 315 9
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Table C1 (continued).
Site Creek # Year Season month Drainage BOD FecalCol Turbidity Alkalinity Hardness Ammonia Nitrate Orthoph TotalSolids pH Temperature Cond Oxygen Phytopl
Denham 4 2000 3 8 Leaf 0 3 3.4 3.8 6 0.06 0.05 0.02 27.5 6.1 24 20.5 6.8 79
Denham 4 2000 3 9 Leaf 0.24 17 2.28 4.2 9 0.05 0.03 0.02 35 7.8 18.9 22.3 8.3 79
Milky 6 2000 3 8 Leaf 0.3 122 49.3 6.2 12 0.22 0 0.01 97.5 6.5 23.2 15.5 6.7 158
Milky 6 2000 3 9 Leaf 0.12 20 25.3 13.4 13 0.1 0.05 0.03 90 6.8 18.4 45.6 7.9 237
Coleman 7 2000 3 8 Leaf 0.18 27 11.82 16.2 13 0.11 0.02 0.01 75 6.5 27.5 53.8 4.6 79
Weldy2 10 2000 3 8 Leaf 0.3 133 29.8 3 6 0.12 0.02 0.02 70 6.9 23.3 30.2 6.9 79
Weldy2 10 2000 3 9 Leaf 0.06 18 6.26 7.8 5 0.06 0.02 0.01 42.5 6.6 17.8 31.2 8.9 79
Whiskey 12 2000 3 8 Pascagoula 0 75 8.3 1.4 5 0.07 0.05 0.01 27.5 5.3 23.2 19.9 7.1 158
Whiskey 12 2000 3 9 Pascagoula 0 9 5.57 7.6 7 0.03 0.03 0.01 22.5 5 18.5 22.2 8.9 79
Deep 15 2000 3 8 Black 0 215 1.84 1.8 4 0.07 0.08 0.01 17.5 5.2 22.6 18.9 7.8 79
Deep 15 2000 3 9 Black 0 31 3.96 2.2 2 0.06 0.03 0 15 5.2 18 15.6 8.9 1138
Hickory 17 2000 3 8 Black 0.12 117 12.59 2.4 5 0.03 0.05 0.02 35 6 25.6 22.8 7.5 552
Hickory 17 2000 3 9 Black 0.06 11 4.88 3.6 5 0.06 0.04 0.01 37.5 6 20 21.9 8.3 158
Cypress 18 2000 3 8 Black 0.4 7 3.4 0.6 10 0.05 0.03 0.01 52.5 4.5 23.2 34.3 7.3 79
Cypress 18 2000 3 9 Black 0.06 83 2.63 3.6 3 0.05 0.02 0.01 32.5 6 20.5 21.9 8.3 79
Pierce 21 2000 3 8 Black 0.82 18 6.45 3.6 8 0.04 0.02 0 40 5.9 24.2 35 7.8 237
Middle 23 2000 3 8 Black 0.64 47 4.57 1.8 7 0.05 0.05 0.01 35 5 23.4 29.8 4.2 79
Poplar 26 2000 3 8 Black 0 1058 5.54 11 18 0.06 0.02 0.01 50 6.1 22.3 54 3 315
Davis 27 2000 3 8 Black 0.18 48 7.79 5.2 10 0.07 0.05 0.01 52.5 5.6 22.6 43.1 3.7 79
Morris 28 2000 3 8 Black 0.18 55 7.02 1.4 19 0.08 0.03 0.01 85 4.9 22.6 62.8 3.5 79
Jacobs 1 2000 4 10 Leaf 0.18 13 9.41 7.2 5 0.05 0.03 0.02 25 6.3 22 31.4 8.1 79
Weldy 2 2000 4 10 Leaf 1 82 4.84 12.4 23 0.02 0.05 0.16 80 7.7 16.7 117.4 7.6 237
Caraway 3 2000 4 10 Leaf 0 10 1.94 5.2 7 0.02 0.04 0.02 52.5 7 13.8 21.4 8 79
Coleman 7 2000 4 10 Leaf 0.62 42 11.23 10.8 6 0.13 0.04 0.01 65 6.7 14.2 49.1 5.4 79
Pierce 21 2000 4 10 Black 0.3 25 4.51 8.4 6 0.05 0.05 0.01 47.5 7 22.3 36.2 8.3 473
Poplar 26 2000 4 10 Black 0.36 9 3.82 15.4 21 0.08 0.04 0.01 40 6.2 20.7 56 4.5 867
Davis 27 2000 4 10 Black 0.3 9 5.82 7.2 7 0.12 0.03 0 20 6 22 34 3.8 237
Jacobs 1 2001 1 2 Leaf 0.06 205 7.91 4.6 6 0.03 0.01 0 30 6.7 10.5 33.9 8.2 473
Weldy 2 2001 1 2 Leaf 0.12 303 5.66 21.4 23 0.07 0.24 0.51 45 7.4 11.5 91.4 9 1577
Caraway 3 2001 1 2 Leaf 0 90 3.08 4 4 0.03 0.03 0.01 17.5 6.7 11.5 27.3 7.4 237
Denham 4 2001 1 2 Leaf 0.12 303 4.19 4.2 6 0.05 0.03 0.04 30 6.6 11.1 28.9 6 79
Milky 6 2001 1 2 Leaf 0.12 765 9.56 6.6 12 0.05 0.03 0.01 52.5 6.7 10.9 42.5 7.8 315
Coleman 7 2001 1 2 Leaf 0.42 190 10.56 7 11 0.08 0.01 0 47.5 6.5 9.7 42.9 7.6 552
Weldy2 10 2001 1 2 Leaf 0.18 70 6.74 3 4 0.07 0.01 0 30 6.3 10.1 35.3 8 79
Whiskey 12 2001 1 2 Pascagoula 0.06 45 4.74 1.2 6 0.05 0.04 0.01 30 5.1 10 32.8 7.6 237
Deep 15 2001 1 2 Black 0 28 1.28 1.4 5 0.03 0.04 0.01 10 5.4 11.1 23.4 7.8 158
Hickory 17 2001 1 2 Black 0.12 48 4.21 0.6 9 0.07 0.03 0.01 32.5 5.3 9.6 42.1 8.4 79
Cypress 18 2001 1 1 Black 0.12 325 6.54 0.2 5 0.21 0.02 0.01 70 4.6 13.9 34 7.9 473
Pierce 21 2001 1 2 Black 0.12 45 3.4 1.4 8 0.06 0.02 0.01 33 6.1 10.4 35.8 9.2 79
Middle 23 2001 1 2 Black 0.18 183 2.79 0.8 7 0.07 0.01 0 17.5 5.4 9.7 22.7 6.8 158
Poplar 26 2001 1 2 Black 0.24 28 4.94 1.6 8 0.09 0.02 0.01 42.5 5.6 8.6 32.6 7.2 552
Davis 27 2001 1 2 Black 0.18 110 3.43 4.2 12 0.12 0.01 0 55 6.1 6.7 39.3 5.8 2523
Morris 28 2001 1 2 Black 0.18 15 25.6 3.6 14 0.13 0.02 0.01 55 6 9.6 51.3 6.1 473
UnnamedA 8A 2001 1 1 Leaf 0.06 60 14.19 1.8 8 0.09 0.03 0.01 62.5 5.6 12.6 37.2 8.6 79
UnnamedA 8A 2001 1 3 Leaf 0.66 278 9.54 3.4 7 0.06 0.02 0.01 25 6 12.5 28.9 6.4 315
UnnamedB 8B 2001 1 1 Leaf 0.36 778 11.76 1 8 0.12 0.01 0.01 72.5 5.6 11.9 34.9 9.2 79
UnnamedB 8B 2001 1 3 Leaf 0.6 285 7.46 3.2 7 0.06 0.05 0.01 27.5 6.3 11.5 28.8 6.6 315
Jacobs 1 2001 2 5 Leaf 0 7 10.75 8.2 8 0.03 0.04 0.02 42.5 6.7 20.1 37.9 7.1 79
Weldy 2 2001 2 5 Leaf 0.3 128 4.51 23.2 24 0.17 0.04 0.07 100 7.4 20.2 134.2 6.8 79
Caraway 3 2001 2 5 Leaf 0 3 3.3 4.8 6 0.02 0.01 0.02 40 6.78 20.1 28.9 6.4 158
Denham 4 2001 2 5 Leaf 0.48 5 6.3 6.2 8 0.03 0.04 0.01 35 6.9 20.1 28.9 6.4 79
Milky 6 2001 2 5 Leaf 0.5 175 15.42 14 10 0.08 0.03 0.01 70 6.8 23 49.8 5.9 79
Coleman 7 2001 2 5 Leaf 0.06 5 10.32 12.8 15 0.09 0.03 0 62.5 6.8 20.6 75.4 4.9 158
Weldy2 10 2001 2 5 Leaf 0 28 9.34 7.6 9 0.08 0.03 0.01 42.5 6.9 19.7 30.5 7.3 158 9
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Table C1 (continued).
Site Creek # Year Season month Drainage BOD FecalCol Turbidity Alkalinity Hardness Ammonia Nitrate Orthoph TotalSolids pH Temperature Cond Oxygen Phytopl
Whiskey 12 2001 2 5 Pascagoula 0.18 20 5.95 1.6 6 0.05 0.03 0.01 27.5 5.8 20.1 18.2 7.3 158
Deep 15 2001 2 5 Black 0.12 3 2.25 2.8 5 0.03 0.02 0.01 17.5 5.5 21.1 19.9 7.6 79
Hickory 17 2001 2 5 Black 0.66 25 5.39 4.2 10 0.07 0.04 0.01 40 6.5 22.8 30.5 7.9 79
Cypress 18 2001 2 5 Black 0.24 43 2.82 3.8 7 0.06 0.04 0.02 12.5 5.8 20.2 21.6 7.1 79
Pierce 21 2001 2 5 Black 0.42 65 3.26 7.6 9 0.03 0.04 0.01 30 6.7 20 39 7.5 79
Middle 23 2001 2 5 Black 1.56 90 6.14 3.6 10 0.15 0.02 0.01 30 5.6 18.3 27 3.4 237
Poplar 26 2001 2 5 Black 0 45 3.91 11.2 16 0.09 0.03 0.01 37.5 6.5 17.8 42.2 6.5 1262
Davis 27 2001 2 5 Black 0.94 48 9.02 10.6 12 0.11 0.03 0.01 32.5 5.2 19 38.6 3.9 79
Morris 28 2001 2 5 Black 0.36 13 12.36 3.6 9 0.1 0.03 0.01 30 5.8 19.8 41.3 5.5 631
Jacobs 1 2001 3 7 Leaf 0.18 48 4.27 7.2 7 0.07 0.03 0.02 27.5 7.3 23.5 32.7 6.9 158
Jacobs 1 2001 3 9 Leaf 0.06 13 6.21 7.6 8 0.26 0.02 0.02 42.5 7.8 21.4 34.5 7.2 79
Weldy 2 2001 3 7 Leaf 0.24 140 6.14 24.6 23 0.06 0.78 0.33 37.5 6.9 23.1 106.3 7.9 315
Weldy 2 2001 3 9 Leaf 0.54 83 4.08 26.6 19 0.06 0.67 0.38 70 8.1 21.5 93.7 7.9 158
Caraway 3 2001 3 7 Leaf 0.06 75 5.72 5.4 5 0.04 0.03 0.03 32.5 7.4 21.5 21.9 7.5 79
Caraway 3 2001 3 9 Leaf 0 50 8.65 4.4 4 0.14 0.01 0.02 32.5 5.9 22 24.3 7.1 315
Denham 4 2001 3 7 Leaf 0.12 48 8.01 6 5 0.06 0.04 0.02 32.5 7.4 22.8 23.7 7.1 158
Denham 4 2001 3 9 Leaf 0.06 55 3.7 4.8 7 0.06 0.01 0.04 25 7.5 20.9 26.1 6.9 158
Milky 6 2001 3 7 Leaf 0.12 2 13.86 10.4 11 0.06 0.01 0.02 60 6.4 22.3 40.2 6.5 79
Milky 6 2001 3 9 Leaf 0.18 43 11.88 8.2 10 0.07 0.01 0.03 47.5 7.5 21 39.1 6.8 79
Coleman 7 2001 3 7 Leaf 0.12 58 8.12 16 16 0.2 0.02 0.03 45 6.7 24 66.1 4.5 237
Coleman 7 2001 3 9 Leaf 0.24 73 16.04 12.4 12 0.07 0.03 0.05 70 7.3 21.1 52.4 5 79
Weldy2 10 2001 3 7 Leaf 0.4 65 6.91 6.4 8 0.05 0.03 0.02 42.5 6.5 24.9 29.6 7 237
Weldy2 10 2001 3 9 Leaf 0.3 35 7.95 6 8 0.07 0.01 0.03 42.5 6.9 20.8 31.6 6.5 79
Whiskey 12 2001 3 7 Pascagoula 0.2 3 6.18 1.4 5 0.07 0.02 0.01 27.5 5.8 23.4 20.1 6.5 158
Whiskey 12 2001 3 9 Pascagoula 0.54 43 5.08 3.2 4 0.06 0.01 0.02 17.5 5.4 21 19.8 6.8 158
Deep 15 2001 3 7 Black 0 10 1.29 2.2 4 0.04 0.03 0.02 15 5.9 23.3 19 6.5 552
Deep 15 2001 3 9 Black 0 53 1.31 1.6 4 0.05 0.03 0.03 15 5.5 20.9 19.8 5.7 315
Hickory 17 2001 3 7 Black 0.44 25 3.55 4 8 0.07 0.01 0.01 45 6.1 25.7 31.8 6.8 710
Hickory 17 2001 3 9 Black 0.12 23 5.98 2 9 0.09 0.01 0.03 30 5.9 21 29.3 5.8 158
Cypress 18 2001 3 7 Black 0.68 15 2.7 1.4 5 0.12 0.01 0.01 37.5 5.5 22.8 23.6 6.2 79
Cypress 18 2001 3 9 Black 0.18 325 13.4 0.4 4 0.16 0 0.01 80 4.7 22.5 33.5 6.3 1419
Pierce 21 2001 3 7 Black 0.36 5 5.39 3.8 8 0.06 0.02 0.01 40 6.2 24 31 6.9 79
Pierce 21 2001 3 9 Black 0.06 35 14.25 2 5 0.18 0 0.02 55 5.5 22.5 21.7 7.9 237
Middle 23 2001 3 7 Black 0.48 53 4.48 1.8 5 0.1 0.03 0.03 40 5.5 23.3 25.5 4.6 79
Middle 23 2001 3 9 Black 0 48 8.15 1.4 4 0.09 0.01 0.01 40 5.4 22.7 21.1 4.6 79
Poplar 26 2001 3 7 Black 0.68 15 4.33 7.2 13 0.12 0.01 0.03 52.5 6.3 22.3 39.7 6.2 158
Poplar 26 2001 3 9 Black 0.06 215 22.4 3 6 0.1 0.01 0.01 47.5 6.3 22.7 22.2 4.6 79
Davis 27 2001 3 7 Black 0.18 70 10.37 8 12 0.08 0 0.04 65 6.1 23.2 46.7 3.7 789
Davis 27 2001 3 9 Black 0.12 200 32.8 4.8 8 0.12 0 0.01 75 6.6 22.5 34.5 6 473
Morris 28 2001 3 7 Black 0.92 125 19.46 4.2 11 0.09 0 0.02 60 5.8 23.5 48.1 4.8 1577
Morris 28 2001 3 9 Black 0.24 258 15.9 6.8 9 0.1 0.01 0.01 52.5 7.5 22.7 39.1 4.8 315
UnnamedA 8A 2001 3 7 Leaf 0.5 90 5.63 7.8 7 0.09 0.02 0.01 47.5 6.1 25.1 28.9 5.2 158
UnnamedA 8A 2001 3 9 Leaf 0.18 23 6.03 5 5 0.06 0.01 0.03 37.5 6.3 21.3 25.8 5.3 79
UnnamedB 8B 2001 3 7 Leaf 0.62 0 7.36 5.6 6 0.07 0.01 0.02 37.5 6.2 25.8 28.7 5.8 79
UnnamedB 8B 2001 3 9 Leaf 0.36 23 6.07 4.2 5 0.08 0.01 0.02 35 6.3 21.3 25 5.4 79
Jacobs 1 2002 1 3 Leaf 0.32 163 8.81 5.4 10 0.06 0.06 0.01 45 6.1 15.6 32.9 7.8 79
Weldy 2 2002 1 3 Leaf 0.68 28 7.24 12.6 21 0.05 0.38 0.07 55 6.5 15.3 68.7 8.4 158
Caraway 3 2002 1 3 Leaf 0.12 30 7.65 3.6 8 0.03 0.04 0.02 25 6.5 14.5 23.4 7.8 79
Denham 4 2002 1 3 Leaf 0.34 18 6.04 3.4 9 0.05 0.04 0.01 30 6.1 15.7 24.9 7.6 158
Milky 6 2002 1 3 Leaf 0.12 35 10.72 7.4 11 0.09 0.01 0.02 50 6.6 14.5 41.2 6.5 394
Coleman 7 2002 1 3 Leaf 0.52 105 12.12 6.8 10 0.07 0.04 0.01 57.5 6.3 14.8 42.3 7.2 158
Weldy2 10 2002 1 3 Leaf 0.34 92 8.86 2.8 9 0.02 0.04 0.01 42.5 6.1 15.7 29.5 7.6 158 1
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Table C1 (continued).
Site Creek # Year Season month Drainage BOD FecalCol Turbidity Alkalinity Hardness Ammonia Nitrate Orthoph TotalSolids pH Temperature Cond Oxygen Phytopl
Whiskey 12 2002 1 3 Pascagoula 0 5 4.92 1.6 7 0.03 0.04 0.01 32.5 5.3 15.8 20.8 8.2 79
Deep 15 2002 1 3 Black 0.06 45 1.73 0.6 7 0.04 0.03 0.02 22.5 5.3 16.5 18.8 6.8 79
Hickory 17 2002 1 3 Black 0.36 38 8.44 0.6 10 0.02 0.02 0.02 40 5.4 19.2 28.3 6.4 158
Cypress 18 2002 1 3 Black 0.18 45 5.11 1.8 6 0.07 0.01 0.01 55 5.1 13.6 24.5 7.6 237
Pierce 21 2002 1 3 Black 0.12 28 6.89 1.2 8 0.04 0.06 0.01 35 5.9 17.2 24.7 7.2 237
Middle 23 2002 1 3 Black 0.3 48 5.85 1.2 7 0.08 0.04 0.02 17.5 5.4 17.8 20.4 6.8 473
Poplar 26 2002 1 3 Black 0.36 35 15.01 2.8 9 0.07 0.05 0.01 35 6.1 18.1 26.4 6.4 158
Davis 27 2002 1 3 Black 0.64 18 15.94 5.8 11 0.07 0.03 0.02 40 5.9 18.7 33.3 5.8 237
Morris 28 2002 1 3 Black 0.22 60 13.15 6.6 13 0.08 0.02 0 47.5 6.2 18.2 39.7 4.8 631
UnnamedA 8A 2002 1 2 Leaf 0.06 10 7.74 2.2 8 0.08 0.02 0 52.5 6.3 13.1 28.2 7.2 158
UnnamedB 8B 2002 1 2 Leaf 0.12 33 7.08 3.2 8 0.08 0.02 0.01 37.5 6.2 11.7 29.8 8.2 158
Jacobs 1 2002 2 6 Leaf 0.12 4 7.5 7.6 10 0.05 0.03 0.01 20 6.9 21.8 29 8.7 394
Weldy 2 2002 2 6 Leaf 0.12 18 3.9 20.6 23 0.3 0.95 0.49 80 6.8 21.8 127.3 8.7 710
Caraway 3 2002 2 6 Leaf 0.06 2 2.2 4.4 8 0.06 0.03 0.01 10 6.5 20.3 23.3 9.1 237
Denham 4 2002 2 6 Leaf 0.3 5 4.2 4.8 9 0.04 0.03 0.01 30 6.3 21.5 25.5 9.1 158
Milky 6 2002 2 6 Leaf 0.3 44 15 10.8 11 0.08 0.01 0.01 50 6.5 21.1 41.2 8.7 158
Coleman 7 2002 2 6 Leaf 0.12 2 11 13.6 14 0.09 0.01 0.01 52.5 6.3 22 50.9 9.2 710
Weldy2 10 2002 2 6 Leaf 0.06 6 6.2 6.6 7 0.05 0.02 0 2 6.1 21.6 32 8.1 79
Whiskey 12 2002 2 6 Pascagoula 0.12 17 2 1 6 0.08 0.03 0 25 4.9 21.7 18.7 9.1 79
Deep 15 2002 2 6 Black 0.18 1 1.2 1.2 5 0.04 0.03 0.02 12.5 5.1 21.5 17 9.5 315
Hickory 17 2002 2 6 Black 0.06 8 3.27 3.8 7 0.05 0.03 0.01 37.5 6.3 22.5 24.5 7.4 315
Cypress 18 2002 2 6 Black 0.12 0.12 2.63 2.2 7 0.13 0.03 0.01 25 5.5 21.9 19.9 7.4 631
Pierce 21 2002 2 6 Black 0.06 0.06 2.17 5.4 8 0.06 0.02 0.01 32.5 6.3 21.7 30.7 7.6 394
Middle 23 2002 2 6 Black 0.18 0.18 5.76 1.8 8 0.11 0 0.03 45 5.3 21.5 26.9 7.4 237
Poplar 26 2002 2 6 Black 0.18 0.18 2.96 7.2 11 0.13 0 0.01 40 6.4 21.1 39.9 8.1 473
Davis 27 2002 2 6 Black 0.18 0.18 7.84 8.2 10 0.11 0 0.01 37.5 6.2 21.2 41.3 6.8 237
Morris 28 2002 2 6 Black 0.12 0.12 10.91 3.6 9 0.15 0 0.01 52.5 5.9 22.2 31.2 6.8 2050
UnnamedA 8A 2002 2 6 Leaf 0 10 6.21 2.8 7 0.13 0.03 0.02 42.5 6.1 20.2 29.9 7.8 315
UnnamedB 8B 2002 2 6 Leaf 0.06 8 7.14 2.6 7 0.06 0.03 0.02 47.5 5.9 20.4 29.1 7.4 158
Jacobs 1 2002 3 8 Leaf 0.12 26 6.14 7.4 8 0.06 0.04 0.02 35 6.9 24.2 32.2 7.4 158
Weldy 2 2002 3 8 Leaf 0.12 53 5.91 28.2 21 0.01 0.05 0.29 55 7.1 26 102.2 7.6 315
Caraway 3 2002 3 8 Leaf 0.18 45 3.79 4.2 6 0.08 0.02 0.01 40 6.8 22.4 22.5 7.6 79
Denham 4 2002 3 8 Leaf 0.06 18 3.6 4.2 6 0.07 0.02 0.01 30 7 23.8 23.1 7.6 79
Milky 6 2002 3 8 Leaf 0.12 80 13.1 8.4 10 0.12 0.04 0.01 77.5 6.8 24.2 42.4 6.6 237
Coleman 7 2002 3 8 Leaf 0.3 38 13.12 8.4 12 0.1 0.03 0.01 55 6.5 23.1 43.4 7.4 158
Weldy2 10 2002 3 8 Leaf 0.12 34 9.14 4.6 6 0.08 0.04 0.01 47.5 6.3 23.5 30.1 6.6 237
Whiskey 12 2002 3 8 Pascagoula 0 14 5.22 2.4 5 0.06 0.01 0.02 30 5.2 24 16.8 7.2 79
Deep 15 2002 3 8 Black 0.12 14 1.37 2 5 0.06 0.02 0.01 40 5.4 23.4 18.2 7.4 158
Hickory 17 2002 3 8 Black 0.12 23 3.71 2.2 5 0.06 0.03 0.01 27.5 6 23.4 26.4 7.2 237
Cypress 18 2002 3 8 Black 0.12 63 1.93 2.4 5 0.07 0.01 0.06 42.5 5.4 23.6 22.4 6.8 2917
Pierce 21 2002 3 8 Black 0.24 83 3.65 3.2 7 0.02 0.01 0.03 45 5.9 23.5 26.8 6.8 1340
Middle 23 2002 3 8 Black 0 175 3.09 1 6 0.09 0.01 0.02 42.5 4.9 23.3 26.8 4.2 473
Poplar 26 2002 3 8 Black 0.12 68 7.69 4.6 9 0.11 0 0.01 37.5 6.2 23.7 32.4 6.6 158
Davis 27 2002 3 8 Black 1.78 378 43.2 5.8 10 0.14 0.01 0.01 77.5 5.9 24.3 36.3 4.2 3706
Morris 28 2002 3 8 Black 4.8 319 19.1 4.4 8 0.11 0.03 0.02 55 5.5 24 33.3 3.4 1577
UnnamedA 8A 2002 3 8 Leaf 0.12 54 11.48 2.8 8 0.09 0.03 0.01 40 6.5 23.2 24 5.8 79
UnnamedB 8B 2002 3 8 Leaf 0.06 27 10.25 2.6 8 0.07 0.05 0.01 40 6.4 23.2 24 5.8 158
Jacobs 1 2002 4 11 Leaf 0.12 48 7.34 6.4 8 0.04 0.04 0.02 20 6.9 13.4 31.2 7.4 237
Weldy 2 2002 4 11 Leaf 0.12 120 6.78 22.4 21 0.09 0.14 0.26 55 6.8 14.6 82.2 6.8 158
Caraway 3 2002 4 11 Leaf 0 58 3.44 4.4 6 0.05 0.03 0.02 22.5 6.8 13.8 26.4 7 237
Denham 4 2002 4 11 Leaf 0.06 53 2.78 3.8 6 0.07 0.03 0.01 27.5 6.2 15.1 19 6.2 158
Milky 6 2002 4 11 Leaf 0.12 65 13.6 8.8 10 0.09 0.03 0.02 50 6.4 13.2 41.8 6 158 1
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Table C1 (continued).
Site Creek # Year Season month Drainage BOD FecalCol Turbidity Alkalinity Hardness Ammonia Nitrate Orthoph TotalSolids pH Temperature Cond Oxygen Phytopl
Coleman 7 2002 4 11 Leaf 0.06 95 14.35 9.8 11 0.08 0.02 0.02 50 6.5 13.9 22.6 5.8 237
Weldy2 10 2002 4 11 Leaf 0.12 60 6.85 3.8 7 0.05 0.03 0 45 6.7 13.4 20.6 6 315
Whiskey 12 2002 4 11 Pascagoula 0 30 4.28 2.8 5 0.07 0.01 0.01 22.5 5.3 14.8 16.5 5.8 79
Deep 15 2002 4 11 Black 0.06 18 3.03 1.8 5 0.06 0.02 0.01 27.5 5.7 15.4 18 6.6 158
Hickory 17 2002 4 11 Black 0.24 48 4.23 3.2 6 0.06 0.03 0.01 30 6.1 15.6 24.2 6.8 394
Cypress 18 2002 4 11 Black 0.18 28 2.02 1.6 5 0.06 0.02 0.01 40 5.2 14.8 28.2 7.2 789
Pierce 21 2002 4 11 Black 0.34 60 4.16 2.4 6 0.08 0.03 0.02 37.5 5.9 14.4 21.5 6.6 1025
Middle 23 2002 4 11 Black 0.06 15 3.89 1.6 5 0.09 0.05 0.02 37.5 5.7 15.1 15.6 6.4 158
Poplar 26 2002 4 11 Black 0.12 88 5.52 2.4 6 0.07 0.02 0.01 42.5 6.2 15.4 24.3 5.8 394
Davis 27 2002 4 11 Black 0.06 15 19.2 7.8 10 0.07 0.02 0.02 55 6.3 14.1 32.8 5.4 631
Morris 28 2002 4 11 Black 0.3 63 22.3 6.8 12 0.12 0.03 0.02 60 5.8 14.2 27.1 4.6 631
UnnamedA 8A 2002 4 11 Leaf 0.06 13 9.24 5.6 7 0.07 0.02 0.01 35 6 14.8 23 5.8 315
UnnamedB 8B 2002 4 11 Leaf 0.12 13 10.02 4.4 7 0.06 0.03 0.02 42.5 6 15.8 26.2 6.2 158
Jacobs 1 2003 1 3 Leaf 0.18 672 35.7 3.6 8 0.05 0.02 0.02 67.5 6.2 15.5 28.2 7.2 158
Weldy 2 2003 1 3 Leaf 0.72 756 26.5 20.8 15 0.08 0.14 0.14 70 7 15.8 83.6 7.8 552
Caraway 3 2003 1 3 Leaf 0.36 1164 15.6 3.2 7 0.05 0.02 0.03 25 5.8 15.7 22.7 6.8 237
Denham 4 2003 1 3 Leaf 0.58 1020 24.1 2.4 8 0.09 0.02 0.02 52.5 5.8 15.3 26.7 6.2 631
Milky 6 2003 1 3 Leaf 0.48 472 100.1 3.2 9 0.07 0.02 0.03 142.5 6.3 15.2 33.2 7 79
Coleman 7 2003 1 3 Leaf 0.88 2720 66.2 3.4 9 0.12 0.01 0.05 105 6 15 28.3 6.8 631
Weldy2 10 2003 1 3 Leaf 0.36 472 8.65 2.8 8 0.03 0.02 0.04 40 5.9 15.1 27.3 6.4 79
Whiskey 12 2003 1 3 Pascagoula 0.36 102 9.38 1 6 0.06 0.01 0.04 35 5.2 14.7 24.6 6.4 79
Deep 15 2003 1 3 Black 0.42 46 1.76 1.8 7 0.02 0.03 0.04 20 5.2 16.5 14.6 7.2 710
Hickory 17 2003 1 3 Black 0.3 133 10.33 1.6 8 0.03 0.02 0.02 30 5.5 15.3 24.1 7.8 79
Cypress 18 2003 1 3 Black 0.04 63 6.83 1.6 10 0.07 0.01 0.01 45 4.8 11.3 24.5 8 237
Pierce 21 2003 1 3 Black 0.12 56 8.01 2.2 8 0.04 0.02 0.01 45 5.8 10.7 20.5 8.8 79
Middle 23 2003 1 3 Black 0.36 187 9.9 1.8 8 0.03 0.01 0.02 22.5 5.6 10.7 18.6 6.8 315
Poplar 26 2003 1 3 Black 0.24 61 20.7 4.2 8 0.04 0.01 0.02 45 6.4 11 22.5 8.4 79
Davis 27 2003 1 3 Black 0.3 40 22.1 5.4 10 0.03 0.02 0.02 45 6.3 10.8 28.8 5.4 237
Morris 28 2003 1 3 Black 0.54 75 10.97 5.8 12 0.06 0.01 0.02 27.5 6 11.6 27.4 7.8 158
UnnamedA 8A 2003 1 2 Leaf 0.18 52 7.92 4.2 7 0.04 0.02 0.01 52.5 5.9 13.8 24.8 6.8 237
UnnamedB 8B 2003 1 2 Leaf 0.18 89 7.57 5.2 6 0.04 0.02 0.02 55 6.2 12.5 25.1 7.2 79
Jacobs 1 2003 2 6 Leaf 0.12 166 6.46 7.2 9 0.08 0.01 0.01 42.5 6.9 23.5 31.1 6.6 315
Weldy 2 2003 2 6 Leaf 1.12 692 6.23 14.2 18 0.05 0.04 0.38 62.5 7.1 23.6 75.5 6.2 237
Caraway 3 2003 2 6 Leaf 0.3 71 3.91 4.4 6 0.08 0.04 0.02 35 6.8 21.5 22.1 7 473
Denham 4 2003 2 6 Leaf 0.22 156 7.01 3.8 8 0.05 0.04 0.03 35 6.2 23.2 23.3 6 552
Milky 6 2003 2 6 Leaf 0.06 195 14 5.6 11 0.08 0.04 0.02 62.5 6.6 22.3 33.5 6.4 710
Coleman 7 2003 2 6 Leaf 0 114 10.85 9.4 9 0.05 0.03 0.02 35 6.3 24.7 41.1 5.8 473
Weldy2 10 2003 2 6 Leaf 0.12 290 7.93 6.2 7 0.07 0.05 0.04 12.5 6 23.9 25.5 6.8 1025
Whiskey 12 2003 2 6 Pascagoula 0.28 240 9.24 2.4 6 0.06 0.03 0.02 20 5.2 23.6 22.5 6.4 946
Deep 15 2003 2 6 Black 0 50 2.01 2.2 5 0.08 0.02 0.01 10 5 22.4 19.2 6.8 237
Hickory 17 2003 2 6 Black 0.12 134 8.02 1.8 6 0.07 0.04 0.02 30 5.4 28.6 22 6.8 315
Cypress 18 2003 2 6 Black 0.18 114 3.6 1.8 6 0.11 0.01 0.01 52.5 4.8 24.2 24.5 6.4 158
Pierce 21 2003 2 6 Black 0.12 97 6.99 3.2 6 0.12 0.03 0.02 22.5 5.9 24.8 19.8 7.2 315
Middle 23 2003 2 6 Black 0.18 152 5.16 2.2 6 0.06 0.03 0.01 25 5.2 24.4 17.6 6.2 237
Poplar 26 2003 2 6 Black 0.12 179 7.07 8.2 11 0.08 0.04 0.01 40 6.4 25.2 33.3 6.4 473
Davis 27 2003 2 6 Black 0.78 376 30.3 8 13 0.15 0.04 0.01 75 6.1 23.3 42.1 4.4 552
Morris 28 2003 2 6 Black 0.5 844 13.8 12.8 13 0.06 0.06 0.01 52.5 6 23.3 42.1 4.4 394
UnnamedA 8A 2003 2 6 Leaf 0 164 7.72 4.4 6 0.05 0.04 0.01 50 5.9 23.1 23.7 6.4 315
UnnamedB 8B 2003 2 6 Leaf 0.06 87 6.94 5.2 6 0.06 0.03 0.01 40 6 24.5 23.8 6.6 237
Jacobs 1 2003 4 10 Leaf 0.18 238 6.07 6.8 7 0.05 0.01 0.01 30 6.8 19.2 30.6 7.6 158
Weldy 2 2003 4 10 Leaf 0.96 410 4.88 22.2 18 0.05 0.05 0.49 57.5 6.8 18.4 100.1 7.8 79
Caraway 3 2003 4 10 Leaf 0.06 123 1.98 4.2 6 0.08 0.04 0.02 27.5 6.2 17.1 21.4 9.2 394 1
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Table C1 (continued).
Site Creek # Year Season month Drainage BOD FecalCol Turbidity Alkalinity Hardness Ammonia Nitrate Orthoph TotalSolids pH Temperature Cond Oxygen Phytopl
Denham 4 2003 4 10 Leaf 0.06 162 3.43 4.4 6 0.09 0.03 0.01 27.5 6.2 16.6 24.2 6.2 158
Milky 6 2003 4 10 Leaf 0.24 364 10.26 8.6 10 0.07 0.05 0.01 55 6.3 16.3 31.4 6 158
Coleman 7 2003 4 10 Leaf 0.48 88 8.71 12.8 9 0.08 0.05 0.02 42.5 6.4 16.5 48.5 6 158
Weldy2 10 2003 4 10 Leaf 0.24 188 3.76 5.2 7 0.05 0.02 0.01 27.5 6 18.6 26.7 7.4 315
Whiskey 12 2003 4 10 Pascagoula 0.3 316 2.47 2.4 5 0.06 0.03 0.01 30 5.1 18.1 18.5 7.8 237
Deep 15 2003 4 10 Black 0.24 15 0.64 2.2 5 0.05 0.03 0.01 10 5.3 19.4 16 8.6 552
Hickory 17 2003 4 10 Black 0.36 61 2.55 2.4 6 0.05 0.05 0.01 25 5.8 21.7 20.3 8.4 473
Cypress 18 2003 4 10 Black 0.3 56 2.2 0.8 5 0.05 0.04 0.01 37.5 4.9 17.9 28.6 7.6 237
Pierce 21 2003 4 10 Black 0 97 3.52 2.8 6 0.11 0.02 0.01 37.5 5.5 17.2 23.7 8.8 237
Middle 23 2003 4 10 Black 0.06 51 2.06 1.4 5 0.02 0.06 0.01 40 4.9 17.4 24.2 6.4 315
Poplar 26 2003 4 10 Black 0.24 121 9.32 4.2 6 0.06 0.02 0.01 45 5.9 16.6 27.8 8.4 394
Davis 27 2003 4 10 Black 0.36 369 13.7 6.2 8 0.13 0.04 0 50 6.1 15.8 35.6 5.8 473
Morris 28 2003 4 10 Black 0.42 134 10.33 9.8 11 0.02 0.03 0.01 47.5 5.9 15.8 35.6 5.8 473
UnnamedA 8A 2003 4 10 Leaf 0.48 75 3.81 3.8 6 0.02 0.04 0.02 35 5.8 18.4 28 6.8 158
UnnamedB 8B 2003 4 10 Leaf 0 80 3.7 3.8 6 0.04 0.03 0.02 35 6.1 19.1 26.8 7.6 237
Jacobs 1 2004 1 2 Leaf 0.18 34 7.32 6.4 8 0.05 0.01 0.02 40 6.9 14.6 28.8 6.2 237
Weldy 2 2004 1 2 Leaf 0.3 134 6.68 19.8 21 0.08 0.28 0.27 47.5 7.2 13.5 87.6 8.2 631
Caraway 3 2004 1 2 Leaf 0.18 71 5.42 4.8 7 0.04 0.02 0.04 20 6.7 14 25.2 7.2 158
Denham 4 2004 1 2 Leaf 0.06 34 5.72 4.4 7 0.06 0.02 0.03 25 6.3 14.2 24.7 7.6 158
Milky 6 2004 1 2 Leaf 0.12 99 9.14 7.2 11 0.06 0.01 0.03 50 6.6 14.2 40.2 6.4 315
Coleman 7 2004 1 2 Leaf 0.16 113 11.61 6.6 10 0.06 0.02 0.02 52.5 6.3 13.6 41.2 7.4 394
Weldy2 10 2004 1 2 Leaf 0.28 79 8.12 4.8 8 0.07 0.02 0.01 30 6.2 14.2 32.1 5.6 237
Whiskey 12 2004 1 2 Pascagoula 0.1 34 4.57 2 6 0.05 0.03 0.02 40 5.3 13.5 24.6 6.4 158
Deep 15 2004 1 2 Black 0 62 1.37 1.8 5 0.06 0.03 0.05 22.5 5.3 13.2 19.4 7.2 237
Hickory 17 2004 1 2 Black 0.12 27 6.14 1.4 7 0.07 0.02 0.02 35 5.4 12.5 32.6 6.8 79
Cypress 18 2004 1 2 Black 0.34 27 7.26 0.8 5 0.07 0.03 0.04 57.5 4.8 13.6 26.5 7.2 473
Pierce 21 2004 1 2 Black 0.26 33 5.22 2.8 7 0.06 0.02 0.01 35 6.1 14.2 28.6 7 158
Middle 23 2004 1 2 Black 0.18 98 4.14 2.4 6 0.06 0.01 0.01 30 5.3 13.6 22.8 6 237
Poplar 26 2004 1 2 Black 0.18 29 7.15 4.2 8 0.08 0.02 0.03 50 6 13 27.4 6.2 473
Davis 27 2004 1 2 Black 0.34 27 5.15 5.2 10 0.08 0.03 0.02 45 6.2 12.5 35 5.6 394
Morris 28 2004 1 2 Black 0.18 30 14.2 6.8 13 0.1 0.03 0.04 50 6.1 13.2 46.7 5.8 315
UnnamedA 8A 2004 1 2 Leaf 0.12 37 7.14 28 7 0.05 0.01 0.01 32.5 6 13.6 27.1 6.6 79
UnnamedB 8B 2004 1 2 Leaf 0.24 45 4.93 3.8 9 0.06 0.01 0.01 40 6.2 14.2 28.3 6.6 158
Jacobs 1 2004 4 10 Leaf 0.42 79 6.14 5.8 7 0.06 0.02 0.02 42.5 6.9 23 29.6 7 237
Jacobs 1 2004 4 12 Leaf 0.42 4 3.89 4.6 9 0.07 0.04 0.06 37.5 7 11.6 33.1 8.2 394
Weldy 2 2004 4 10 Leaf 1.22 152 5.6 28.4 20 0.31 0.93 0.33 105 7 23.7 159.8 7.6 394
Weldy 2 2004 4 12 Leaf 0.12 142 3.65 20.4 22 0.27 0.7 0.19 67.5 6.9 12.8 106.5 8 158
Caraway 3 2004 4 10 Leaf 0.12 85 6.17 6.2 7 0.07 0.03 0.03 37.5 6.3 21 23.2 6.4 158
Caraway 3 2004 4 12 Leaf 0.12 11 1.7 3.8 6 0.03 0.05 0.01 7.5 6.4 13.3 25.7 7.8 237
Denham 4 2004 4 10 Leaf 0.06 154 6.95 5.6 7 0.07 0.04 0.04 42.5 6.1 22.4 23.2 6 315
Denham 4 2004 4 12 Leaf 0.36 14 3.73 4.2 6 0.03 0.03 0.02 20 6.2 12.8 27.1 7.4 79
Milky 6 2004 4 10 Leaf 0.28 172 14.2 7.6 10 0.04 0.04 0.03 80 6.2 20.2 30.2 5.8 158
Milky 6 2004 4 12 Leaf 0.3 180 7.04 9.8 10 0.05 0.02 0.01 37.5 5.8 8.9 38.4 5.2 237
Coleman 7 2004 4 10 Leaf 0.12 77 12.25 7.2 9 0.08 0.04 0.04 40 6.5 21.2 39.6 6.2 473
Coleman 7 2004 4 12 Leaf 0.36 20 6.95 11.4 11 0.07 0.03 0.02 30 6.2 12.8 27.1 7.4 237
Weldy2 10 2004 4 10 Leaf 0.18 134 7.94 6.2 8 0.05 0.03 0.02 40 6.1 20.8 23.2 5.8 315
Weldy2 10 2004 4 12 Leaf 0.66 183 5.3 5.8 7 0.03 0.01 0 30 6.2 12.6 33.8 8 79
Whiskey 12 2004 4 10 Pascagoula 0.28 48 5.22 1.6 6 0.05 0.01 0.02 30 5.1 22.2 19.6 6.4 237
Whiskey 12 2004 4 12 Pascagoula 0.7 2 4.25 1.8 5 0.07 0.03 0.02 30 5 11.7 20.4 6.8 473
Deep 15 2004 4 10 Black 0.12 39 1.26 1.8 5 0.07 0.03 0.01 17.5 5.3 20.2 17.6 7.4 394
Deep 15 2004 4 12 Black 0.18 0 1.01 1.2 5 0.03 0.03 0.03 10 4.7 14.3 15.5 7.6 158
Hickory 17 2004 4 10 Black 0.62 28 8.35 2.8 6 0.05 0.02 0.02 37.5 5.5 21.2 23.4 7.6 394 1
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Table C1 (continued).
Site Creek # Year Season month Drainage BOD FecalCol Turbidity Alkalinity Hardness Ammonia Nitrate Orthoph TotalSolids pH Temperature Cond Oxygen Phytopl
Hickory 17 2004 4 12 Black 0.36 16 4.17 1.8 6 0.03 0.02 0.04 32.5 5.4 14 21.3 7.8 394
Cypress 18 2004 4 10 Black 0.22 87 10.4 0.8 6 0.06 0.05 0.03 65 4.8 22 26.2 6.6 315
Cypress 18 2004 4 12 Black 0.94 36 2.81 1.2 5 0.05 0.04 0.02 40 4.5 8.9 25.7 6.4 237
Pierce 21 2004 4 10 Black 0.18 54 9.15 3.2 7 0.07 0.01 0.04 45 5.8 20.6 26.4 7 315
Pierce 21 2004 4 12 Black 0.18 9 4.29 2.4 7 0.07 0.03 0.03 37.5 5.2 8.1 23.2 6.6 79
Middle 23 2004 4 10 Black 0.66 95 6.07 1.8 5 0.05 0.02 0.04 40 5.1 22 19.6 5.6 552
Middle 23 2004 4 12 Black 0.18 23 2.61 1.2 6 0.03 0.01 0.02 35 4.9 7.4 19.5 6.6 79
Poplar 26 2004 4 10 Black 0.28 168 10.65 2.6 7 0.06 0.02 0.01 62.5 5.8 21.2 23.4 6.4 473
Poplar 26 2004 4 12 Black 0.48 47 5.53 4.8 6 0.06 0 0.01 47.5 6.3 7.2 25.3 7.4 158
Davis 27 2004 4 10 Black 0.72 126 17.8 6.8 12 0.05 0.02 0.03 77.5 6.1 20.2 36.5 5.6 473
Davis 27 2004 4 12 Black 0.12 47 13.3 5.8 8 0.09 0.03 0.03 47.5 6.3 9.8 38.7 6.4 237
Morris 28 2004 4 10 Black 0.58 92 17.7 7.2 11 0.09 0.03 0.03 57.5 6.1 20.1 38.4 4.8 552
Morris 28 2004 4 12 Black 0.06 2 7.43 10.4 11 0.13 0.03 0.02 42.5 6.4 10.2 44.7 5.6 158
UnnamedA 8A 2004 4 10 Leaf 0.12 22 5.66 1.8 6 0.05 0.02 0.01 27.5 5.9 21.8 25.8 6 237
UnnamedA 8A 2004 4 12 Leaf 0.12 9 6.24 7.2 8 0.03 0.06 0.03 52.5 5.9 12.2 22.8 7.8 237
UnnamedB 8B 2004 4 10 Leaf 0.06 41 5.47 2.4 7 0.05 0.03 0.01 35 6.2 21.8 25.8 6.4 237
UnnamedB 8B 2004 4 12 Leaf 0.42 45 4.42 6.6 8 0.05 0.03 0.02 45 5.8 13.4 23.5 6.8 158
Jacobs 1 2005 1 3 Leaf 0.24 54 6.45 4.6 7 0.07 0.03 0.04 30 6.8 15.2 26.4 7.4 237
Weldy 2 2005 1 3 Leaf 0.51 109 6.12 19.8 17 0.13 0.17 0.36 80 7.1 14.8 102.4 7.6 394
Caraway 3 2005 1 3 Leaf 0.18 88 6.24 3.8 7 0.06 0.03 0.03 27.5 6.6 14.6 24.4 6.8 158
Denham 4 2005 1 3 Leaf 0.24 60 5.28 4.6 7 0.05 0.02 0.01 30 6 15 22.8 7.8 158
Milky 6 2005 1 3 Leaf 0.38 49 9.75 7.6 10 0.06 0.02 0.02 52.5 6.4 15.8 36.5 5.4 237
Coleman 7 2005 1 3 Leaf 0.5 21 12.3 10.6 12 0.08 0.03 0.02 57.5 6.2 15.1 35.2 6.2 237
Weldy2 10 2005 1 3 Leaf 0.18 52 11.4 5.2 8 0.07 0.03 0.03 32.5 6.1 15.2 19.8 6.6 315
Whiskey 12 2005 1 3 Pascagoula 0.3 37 5.06 1.6 5 0.05 0.02 0.01 35 5.4 15.2 19.8 6.6 158
Deep 15 2005 1 3 Black 0.06 23 2.13 1.6 5 0.04 0.02 0.01 20 5.4 15.6 14.5 7.8 158
Hickory 17 2005 1 3 Black 0.34 20 8.37 2.8 7 0.07 0.02 0.03 25 5.6 15.4 26.2 6.4 631
Cypress 18 2005 1 3 Black 0.18 42 6.26 1.6 6 0.08 0.03 0.02 25 4.8 14.8 22.2 6.6 473
Pierce 21 2005 1 3 Black 0.32 11 6.41 1.8 6 0.06 0.01 0.01 35 5.8 14.3 22.6 6.6 237
Middle 23 2005 1 3 Black 0.12 57 5.12 0.8 5 0.07 0.02 0.02 25 5.1 14.9 19.4 6 315
Poplar 26 2005 1 3 Black 0.28 55 6.18 3.8 6 0.08 0.03 0.03 32.5 6.2 15.2 24.5 6.8 237
Davis 27 2005 1 3 Black 0.22 35 11.4 7.8 10 0.07 0.03 0.04 50 6.3 14.3 28.2 5.8 394
Morris 28 2005 1 3 Black 0.34 37 7.86 7.6 12 0.09 0.02 0.03 45 6 15.8 29.4 5.6 315
UnnamedA 8A 2005 1 3 Leaf 0.52 49 4.38 4.8 7 0.06 0.03 0.01 35 5.9 15.6 26.2 6.8 315
UnnamedB 8B 2005 1 3 Leaf 0.24 44 6.54 3.8 7 0.07 0.01 0.01 27.5 6.2 16 27.5 7 315
Jacobs 1 2005 3 7 Leaf 0.06 137 5.87 6.2 6 0.04 0.05 0.01 27.5 6.6 25.5 29.2 8.5 79
Weldy 2 2005 3 7 Leaf 1.32 221 3.99 23.4 14 0.03 0.33 0.81 102.5 7 25 136.9 8.4 237
Caraway 3 2005 3 7 Leaf 0.3 75 2.02 3.6 6 0.04 0.04 0.01 7.5 6.4 22.5 22.5 9.2 237
Denham 4 2005 3 7 Leaf 0.3 166 5.43 2.4 5 0.03 0.04 0.01 25 6.1 24.5 28.5 7.4 394
Milky 6 2005 3 7 Leaf 0.34 273 18.9 5 7 0.06 0.02 0.04 57.5 6.2 24.5 37.8 7.6 79
Coleman 7 2005 3 7 Leaf 0.22 65 9.12 6.8 8 0.07 0.03 0.04 40 6.4 23.5 33.3 6.2 315
Weldy2 10 2005 3 7 Leaf 0.38 39 7.14 5.2 8 0.06 0.04 0.03 35 6.3 24 21.6 6.4 315
Whiskey 12 2005 3 7 Pascagoula 0.12 37 6.75 2.6 5 0.07 0.01 0.01 27.5 5.3 24 21.2 5.8 237
Deep 15 2005 3 7 Black 0 9 1.46 1.2 5 0.05 0.04 0.01 15 5.2 25 16.5 7.2 394
Hickory 17 2005 3 7 Black 0.06 71 5.58 2.4 7 0.04 0.02 0.01 35 5.4 25.9 21.9 7.8 631
Cypress 18 2005 3 7 Black 0.12 24 3.71 0.6 5 0.1 0.03 0.01 40 4.6 24.3 26.5 8.2 631
Pierce 21 2005 3 7 Black 0.62 117 7.3 1.6 6 0.02 0.04 0.02 32.5 5.4 24.3 21.7 8.8 710
Middle 23 2005 3 7 Black 0.69 27 4.83 0.6 5 0.02 0.03 0.01 17.5 5.1 22.9 16.8 7 631
Poplar 26 2005 3 7 Black 0.72 17 5.38 6.8 10 0.24 0.02 0.01 27.5 6 26.2 32.3 6.6 473
Davis 27 2005 3 7 Black 0.88 109 11.8 7.8 12 0.05 0.04 0 50 5.9 24 41.8 4.6 1103
Morris 28 2005 3 7 Black 1.24 96 9.23 3.6 7 0.04 0.03 0.02 32.5 5.6 23.8 35 3.8 867
UnnamedA 8A 2005 3 7 Leaf 0 85 6.96 4.6 7 0.04 0.03 0 40 5.8 24.1 31.7 7.6 789 1
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Table C1 (continued).
Site Creek # Year Season month Drainage BOD FecalCol Turbidity Alkalinity Hardness Ammonia Nitrate Orthoph TotalSolids pH Temperature Cond Oxygen Phytopl
UnnamedB 8B 2005 3 7 Leaf 0.06 52 7.2 4.4 7 0.04 0.03 0.02 30 6 25.6 32.2 7.2 946
Jacobs 1 2005 4 11 Leaf 0.18 25 4.06 7.4 8 0.05 0.05 0.03 32.5 7 13.3 37.1 6.8 237
Weldy 2 2005 4 11 Leaf 2.86 147 7.94 24.6 20 0.54 2.64 0.76 150 7.2 13.4 223 7.2 473
Caraway 3 2005 4 11 Leaf 0.12 41 2.85 6.6 8 0.01 0.04 0.03 17.5 6.8 13.5 28.9 7.2 158
Denham 4 2005 4 11 Leaf 0.58 82 2.6 3.4 6 0.01 0.04 0.03 35 6.5 12.6 27.4 6.2 631
Milky 6 2005 4 11 Leaf 0.12 55 2.06 9.6 11 0.04 0.01 0.01 45 6.6 10.8 37.9 6.6 79
Coleman 7 2005 4 11 Leaf 0.26 52 5.93 13.6 11 0.05 0.01 0.01 25 6.4 12.6 27.4 6.2 158
Weldy2 10 2005 4 11 Leaf 0.24 27 3.3 5.8 6 0.05 0.03 0.04 30 6.6 12.4 30.6 6.4 79
Whiskey 12 2005 4 11 Pascagoula 0.06 32 2.66 2.2 5 0.04 0.01 0.02 10 5.3 12.6 26.8 6.6 158
Deep 15 2005 4 11 Black 0 30 0.71 2.2 5 0.06 0.01 0.01 20 5.5 13.9 17.3 8 237
Hickory 17 2005 4 11 Black 0.24 62 1.98 4.4 5 0.06 0.03 0.03 27.5 5.9 13.9 23.8 6.4 473
Cypress 18 2005 4 11 Black 0.12 15 2.28 1.6 6 0.05 0.03 0.02 27.5 5.4 11.1 25.4 7.2 158
Pierce 21 2005 4 11 Black 0.06 11 2.12 2.6 7 0.06 0.01 0.02 20 6.2 11.6 25.2 7.6 867
Middle 23 2005 4 11 Black 0.06 105 1.85 1.8 6 0.07 0.02 0.03 30 4.8 10.7 21.6 6.8 1340
Poplar 26 2005 4 11 Black 0.06 34 2.43 6.8 7 0.08 0.01 0.02 20 6.3 9.4 29.9 6.8 2602
Davis 27 2005 4 11 Black 0.38 136 19.6 8.4 9 0.08 0.01 0.03 35 6 8.4 35.8 5.2 237
Morris 28 2005 4 11 Black 1.04 98 6.83 7.2 8 0.09 0.02 0.05 25 5.5 7.5 27.4 4.8 5756
UnnamedA 8A 2005 4 11 Leaf 0.58 25 4.27 6.2 7 0.07 0.04 0.02 12.5 6 12.1 27.9 6 158
UnnamedB 8B 2005 4 11 Leaf 0.62 9 3.81 5.8 6 0.14 0.02 0.02 45 6.3 11.7 27.4 6.6 867
Measurement Units:
BOD, Ammonia, Nitrate, Orthophosphate, Total solids, Dissolved oxygen = mg/l
Fecal coliform bacteria = col/100ml
Turbidity = NTU
Alkalinity, Hardness = mg/l CaCO 3
Temperature = ºC
Conductivity = µmhos
Phytoplankton = org/l
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